LENESAS

-
»
P
s
<
Q
S
-
D

RH850/F1L Group

User’s Manual: Hardware

o
N

Renesas microcontroller
RH850 Family

All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http://www.renesas.com).

Renesas Electronics
WWW.renesas.com Rev.1.33 Apr, 2016



10.

11.

12.

Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of
third parties by or arising from the use of Renesas Electronics products or technical information described in this document. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by
you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document
or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




(1) Voltage
application
waveform at input
pin:

(2) Handling of
unused input pins:

(3) Precaution
against ESD:

(4) Status before
initialization:

(5) Power ON/OFF
sequence:

(6) Input of signal
during power off
state:

Notes for CMOS devices

Waveform distortion due to input noise or a reflected wave may cause
malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take
care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through
the area between VIL (MAX) and VIH (MIN).

Unconnected CMOS device inputs can be cause of malfunction. If an input pin
is unconnected, it is possible that an internal input level may be generated due
to noise, etc., causing malfunction. CMOS devices behave differently than
Bipolar or NMOS devices. Input levels of CMOS devices must be fixed high or
low by using pull-up or pull-down circuitry. Each unused pin should be
connected to power supply or GND via a resistor if there is a possibility that it
will be an output pin. All handling related to unused pins must be judged
separately for each device and according to related specifications governing
the device.

A strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it when it has occurred. Environmental control must be adequate.
When it is dry, a humidifier should be used. It is recommended to avoid using
insulators that easily build up static electricity. Semiconductor devices must be
stored and transported in an anti-static container, static shielding bag or
conductive material. All test and measurement tools including work benches
and floors should be grounded. The operator should be grounded using a
wrist strap. Semiconductor devices must not be touched with bare hands.
Similar precautions need to be taken for PW boards with mounted
semiconductor devices.

Power-on does not necessarily define the initial status of a MOS device.
Immediately after the power source is turned ON, devices with reset functions
have not yet been initialized. Hence, power-on does not guarantee output pin
levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after
power-on for devices with reset functions.

In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply
after switching on the internal power supply. When switching the power supply
off, as a rule, switch off the external power supply and then the internal power
supply. Use of the reverse power on/off sequences may result in the
application of an overvoltage to the internal elements of the device, causing
malfunction and degradation of internal elements due to the passage of an
abnormal current. The correct power on/off sequence must be judged
separately for each device and according to related specifications governing
the device.

Do not input signals or an 1/O pull-up power supply while the device is not
powered. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that
passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each
device and according to related specifications governing the device.



How to Use This Manual

Readers This manual is intended for users who wish to understand the functions of the
RH850/F1L and design application systems using the RH850/F1L
microcontrollers.

Purpose This manual is intended to give users an understanding of the hardware
functions of the RH850/F1L shown in the Organization below.

Organization This manual is divided into two parts: Hardware (this manual) and software
(RH850G3K User’s Manual: Software).

| Hardware | Software |
Pin functions Overview

CPU function Processor Model

On-chip peripheral functions Register Reference

Flash memory programming Exceptions and Interrupts

Memory Management
Instruction Reference
Reset

Appendix

How to read this Itis assumed that the readers of this manual have general knowledge in the fields of
manual electrical engineering, logic circuits, and microcontrollers.

To understand the overall functions of the RH850/F1L.
— Read this manual according to the Contents.
To understand the details of an instruction function

— See RH850G3K User’s Manual: Software available separately.

The “yyy bit of the xxx register” is described as the “xxx.yyy bit” in this manual.
Note with caution that if “xxx.yyy” is described as is in a program, however, the
compiler/assembler cannot recognize it correctly.



Conventions

Data significance: Higher digits on the left and lower digits on the right
Active low representation: xxx (overscore over pin or signal name)
Memory map address: Higher addresses on the top and lower addresses on the bottom
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numeric representation:  Binary ... XXXX Or XXXXg
Decimal ... XXxx
Hexadecimal ... XXxxy
Prefix indicating power of 2 (address space, memory capacity):
K (kilo): 210 = 1,024
M (mega): 220 = 1,0242
G (giga): 230 = 1,0248



Description of Registers

Each register description includes the register access, register address, and register value after a reset,
a bit chart illustrating the arrangement of bits and a table of bits, describing the meaning of the bit
settings.

The standard format for bit charts and tables is shown below.

2 21 20 19 18 17 16
| _ | _ lecsen| _ |csien
DIR DAP
Value afterreset 0 0 0 0 5.0/ 0 0 0 0 0 0 0 0 0 0 0
RW R R RW | RW RW |RW iRMW: R R R R R RW R RW
Bt 15| 14 13 | 12 1 10 9 8 7 6 5 4 3 2 1 0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

(4) ® © O (8)

Table 14.19 GSIGNCFGO Register Contents (1/2)

Bit Position Bit Name Function
/31,30 '

29, 28 CSIGnPS[1:0] Specifies parity.
CSIGn CsIGn
PS1 PSO Transmission Reception
0 0 No parity transmitted No parity is waited for.
0 1 Add parity bit fixed at 0 Parity bit is waited for but not

judged.

1 0 Add odd parity Odd parity bit is waited for.
1 1 Add even parity Even parity bit is waited for.

27 to 24 CSIGnDLS Specifies data length.

[3:0] 0: Data length is 16 bits

1: Data length is 1 bit
2: Data length is 2 bits

15: Data length is 15 bits
CAUTION

Do not set bits CSIGNCFG0.CSIGNDLS[3:0] to values 1 to 6 when the
extended data length function is disabled with bit CSIGnCTL1.CSIGnEDLE set
to 0.

It is forbidden to transmit two consecutive data with a data length of less than 7
bits.

019 Reserved When read, the value after reset is returi
the value after res:

(1) Access

The register can be accessed in the bit unit indicated here.

(2) Address

This is the register address.
For base address, see description of base address in each section.



(3) Value after a reset (in hexadecimal notation)

This is the value of all bits of the register after a reset. Values for bytes are given as numbers in the
range from 0 to 9 and letters from A to F or as X where they are undefined.

(4) Bit position

This is the bit number.
The bits are numbered from 31 to O for 32-bit registers, 15 to 0 for 16-bit registers, and 7 to O for 8-
bit registers.

(5) Bit name

Bit name or field name is indicated.

If it is required to clearly identify the digits of a bit field, this is done by using a form such as
CSIGNnDLS[3:0] in the example above.

Reserved bits are indicated by a dash (—).

(6) Value after a reset (in binary notation)

This is the bit value after a reset.

0 : The value after a reset is 0.
1 : The value after aresetis 1.

— : The value after a reset is undefined.

(7) RIW
This is the bit attribute of all bits of the register.

R/W : The bit or field is readable and writable.

R : The bit or field is readable.
Note that all reserved bits are indicated as R. When written, the value specified in the bit chart or the
value after a reset should be written.

w . This bit or field is writable. When read, the value is undefined. If a value is indicated in the bit chart,
the value is returned.

(8) Function

This is function of the bit.

All trademarks and registered trademarks are the property of their respective owners.



Table of Contents

Y= Tox 1o o I R @ YT =S PURPUPPRP 63
1.1 RHBS50/FL1L ProdUCE FEAIUIES .. ...ttt eeee e e e e e ettt e e e e e e e s s s et aeeeeeaaeeeeessaannneennneeeeeas 63
111 RHB50/FLL FUNCHONS. ...ttt ettt e e ettt e e e e e e e e e e e e e nnnbebeeeeeeeaaaaaens 64
1.1.2 INternal BIOCK DIAQIam .........uuuiiiiiiiiiieeeiis it e e e e e e e e e s s s st e e e e e ae e e s s s s snnnannaeereaaaeeesnannnes 68
SECION 2 PiN FUNCHION ...eeiiiiiii et 74
2.1 S I @] ol [=Tox 1o g T BIT= Vo | -1 s o SRR 74
2.2 T I TS 1 o] 1o o RSP 96
2.3 Pin Functions DUring and AftEr RESEL .......coiuiiiie ittt 101
24 Port State in Standby MOGE.... ...t e e e 102
25 Recommended Connection of UNUSEd PiNS............uueiiiiiiiiiiiiiiicceee e 103
2.6 RHBB50/FLL POIt FEAUINES. .. .ciiiiiiiiiie ettt sttt ettt ettt e e e st e e e s et ae e e e e nnnbre e e e ensrees 104
2.6.1 [0 ] (0] U] o PSP UPPPRRPPT 104
2.6.2 POIt GIOUP INAEX N ettt e ettt e e e st e e e s st e e e e e s anbneeeeeane 104
2.6.3 REQISEr BASE AQUIESS.. ...t ee e e et r e e e e e e s e s e e e e e e e e e e e e e s s nnranaaeaeeees 104
2.6.4 ClOCK SUPPIY ...ttt e st e s bbb e e e e s aanee e s 104

2.7 POt FUNCHONS. ....uviiiiiiiii s 105
271 FUNCLONAT OVEIVIEW ......viiiiiiiiiieee ettt ettt ettt e e sttt e e e ettt e e e s snnbe e e e e s anbbeeaeeenees 105
2.7.2 B 1= 1 0 T OO PO PTPPPPPTUPPPPTPRINt 106
2721 N Y G o o RSP 106

2.7.3 OVerview Of PiN FUNCHIONS ...ttt r e e e e e e e e e eeren e eee s 107
2.7.4 Pin Data INPUYOULPUL ... e e e e e e e s s s e e e e e e e e e e s e e s annrnnrnnnees 109
27.4.1 (@011 010 g D - PR 109

2.7.4.2 INPUE DATAL. ... e e e e et r e 109

2.74.3 Wrting t0 the PN REQISIEN ... 110

2.8 Schematic VIieW Of POt CONIOL.........ooii i e e e e er e e e e e e e e e 111
29 Port Group Configuration REJISIEIS. .......uiiiiiiiiie it 112
29.1 L@ YT T PSPPI 112
29.2 Pin FUNCION CoNfIQUIAtION ........ueeiieiiiii e e e e e e e e e e e e eaeeeeeeeeanaenne 115
29.21 PMCn / JPMCO — Port Mode Control REQISTEN .........ceeiiiiieiiiiiiiiiiiiiiieeeeee e 115

29.2.2 PMCSRn / JPMCSRO0 — Port Mode Control Set/Reset Register.......ccccccvveeeeeennn. 116

2.9.2.3 PIPCn — Port IP Control REQISIEN ........ocvveeeeeeieiieis e 117

29.24 PMn / APMn / JPMO — Port Mode RegISter ........cccuuiiiiiiiieiieeeeee e 118

2.9.25 PMSRn / APMSRn / JPMSR0O — Port Mode Set/Reset RegiSter.......cccccevveeeeeennnn. 119

2.9.2.6 PIBCn / APIBCn / JPIBCO / IPIBCO — Port Input Buffer Control Register............. 120

29.2.7 PFCn / JPFCO — Port Function Control REgISter ..........ccoooiiiiiiiiiiiiiiiieeeieeeeeeeeen 121

2.9.2.8 PFCEN — Port Function Control Expansion Register..........ccccccvviieeiiieeeeeeee i 122

2.9.2.9 PFCAEN — Port Function Control Additional Expansion Register.............ccccc...... 123

293 Pin Data INPULH/OULPUL ......eeeiiiiiieiee ettt e et e e e et e e e e s snbaeeeeeane 125
2931 PBDCn / APBDCn / JPBDCO — Port Bidirection Control Register ....................... 125

29.3.2 PPRn / APPRn / JPPRO / IPPRO — Port Pin Read Register ............cccccvvveennnnen. 126

2933 PN/ APN [ JPO — PO REQISLEN ...eeiiiiiiiiiie ettt 127

29.34 PNOTn / APNOTN / JPNOTO — POrt NOT REQISIEN ..cceevviiiiiieeiiiiiiee e 128

2935 PSRn / APSRn / JPSRO — Port Set/Reset RegiSter.........cccvvveiiiiiieiiiiiie e, 129

294 Configuration of Electrical CharaCteriStiCS...........uuuuiiiiiiiieiii e 130



2941 PUN / JPUO — Pull-Up Option REJISIEN ......ccevveiiiiiiiiciiiie e 130

29.4.2 PDn / JPDO — Pull-Down Option REGISIEN.........cuiiiiiiiiieeiiiiiee et 131
2.9.4.3 PDSCn — Port Drive Strength Control REQISter ........ccvvvvveeeiiiiiiiiiiiiieeeeeeee e, 132
29.4.4 PODCn / JPODCO — Port Open Drain Control Register ...........ccccuvviiieeeeienienennnn. 133
2945 PISn — Port Input Buffer Selection RegiSter............uvveiiiiiiieiiiiiiceeeeee e 134
2.9.4.6 JPISAO — Port Input Buffer Selection Advanced Register .............occcccvvvvvvveennnn. 135
295 POIt REQIStEr PrOtECHION .......veiiieiiiieite ettt et e e e 135
2.9.6 Flowchart Example for POrt SEHNGS ......vvviiiiiiiiieeee e re e e e e 136
296.1 BAtCh SEHING ...t a e 136
29.6.2 INAIVIAUAT SEHINGS ..eeoiiiiiiieei e 137
2.10 Port (General I/O) FUNCLION OVEIVIEW ........uuiiiiiiiiiiaaaeee ittt et e e e e e e e e e e seeeteeeeeeeaaaeeessaaannnnnees 140
2.10.1  JTAG POIt O (JP0) ...ueeeiiieiiiiiit ettt e ettt e sttt e e e et e e e et e e e e s st e e e e s nnsbaeaeeennbaeaeeenneeas 141
2.10.1.1  AErnative FUNCHION. . ....ii et e e e e e e e e e e e e e e e e e e e e e nnenes 141

A O T O @70 | |1 o] I =T 0 1S (= £ TS 142
OB = o 4 A O N (=0 ) I USSR 143
2.10.2.1  AREINAtVE FUNCLONS .....ciiiiiiiiiii ettt sttt e e et e e e st e e e e snnbeeeeeeane 143

A O T @70 | |1 o] I =T o 1S (= £ TS 145
2.10.3  POM L (PL) coreieieceeeeeeeeiete et ee e ettt ee ettt en e nen et enenennas 148
2.10.3.1  Alternative FUNCHIONS . .....coeiiiiiiiie ettt e e e e et e e e e e e e e e e e e e annnnees 148
2.10.3.2  CONLIOI REOISIEIS. ...cciiiiiie ittt et e e e e et e e e e e e e e e e e e s ananees 149
2,004 POM 2 (P2) coiiiiiiiiie ettt ettt s e e e e b e e e e e nr e e e e nrees 150
2.10.4.1  AErnative FUNCHIONS ..ottt e e e e e e e e e e e ananees 150
2.10.4.2  CONIOl REGISTEIS. ...ciiutiieie ettt ettt e ettt e e s bbb e e e e sbbe e e e e e snbeeeeeeaaes 151
PRI = o 4 R (=22 I SRRSO 152
2.10.5.1  Aternative FUNCHIONS ... .o ittt e e e e e e e e et e e e e e e e e e e e e aannenes 152
2.10.5.2  CONIOI REGISIEIS....cceii i i i ittt e et r et e e e e e e e s e et reraeaaaeeeeesannnnnes 153
I T =0 T A N (= ) I USSR 155
2.10.6.1  Alternative FUNCHIONS......ccceieiiiiieiie e e e e e e e e e st e e e e e e e e e s e s s e e e eeeeeeeeeeeenannnnnes 155
2.10.6.2  CONLIOl REGISIEIS.....cce i ittt e e e e e e e e e e s e st e e e e e aaeeeeeeeannnnes 156
2 A = o T a0 0 PP 158
2.10.7.1  AREINAtiVE FUNCLONS .....cciiiiiiiiie ettt et e et e e e e st e e e e s snnbeeeeesanes 158
2.10.7.2  CONLIOI REOISIEIS. ...ttt e e e e e e e e e e e e e e s e aanees 160
2.10.8 PO L1 (PLL) covieieeeeeieeeeeeeeeeeeee ettt en e s s esae st ae s e s ee s s s s enensne et ane et enennens 163
2.10.8.1  AIEINAtiVE FUNCLONS ... .ciiiiiiiiiie ettt ettt e e et e e e e st e e e e e snnbeeeeenanes 163
2.10.8.2  CONIOI REGISTEIS. ...ciiitiieie ettt ettt e e e et e e e st e e e e e sbbeeeeeeaaes 166
2.00.9  POM L2 (PL2) .itiiiiie ittt ettt ettt et e e e e et e e e et e e e e e b e e e e e nrae e e e nnrees 169
2.10.9.1  AErnative FUNCHIONS ..o ittt e e e e e e e e e e e e e e e e e e e s aaanees 169
2.10.9.2  CONIOI REGISTEIS. ...ciitiiiie ettt ettt ettt e e et e e e e abbe e e e e e sbbeeeeeeaae 170

P2 IO = o T S T i ) SRRSO 172
2.10.10.1 ARErnative FUNCHONS.......cceiiiiiiciieiiee ettt e e e e e e e e s e s eeeeeaeaeeeeeeannns 172
2.10.10.2 CONLIOl REOISIEIS. ...cceei i it e ittt ee e e e e e e s s e r e e e e e e e e e s e st ereeaeaeeeeessannnnnns 173

2 0 I R = o T 2 O (=210 ) OSSP TPRT 174
2.10.11.1 ARErnative FUNCHONS .......coiiiiiieietiee et e e e e e e e s e st e e e e e e e aeeeeeeannns 174

0 O Tt I O @ | [ o I =T £ (= £ S 175
2.10.12 ANAIOG PO O (APD)....ciieiiiiiiie ettt ettt ettt e st e ekt e e s s b r e e e e st e e e e s anar s 177
2.10.12.1 ARErnative FUNCHONS ... ...oiiiiiiiiiie ittt e e st e e e e sanaeeeeeans 177

A O T 2 @7 | |1 o] I =T o 1S (= £ TS 178

2.10.13  ANAIOG PO 1 (APL)...eiiiiiiiiiiie ettt e sttt e as 180



2.10.13.1 ARErNAtIVE FUNCHIONS......iieiiiiie e e e e e e et e e e e e e e e s eaas 180

2.10.13.2 CONIOl REGISTEIS. ... ittiieee ittt e et e e e st e e e e anbeeeeeeaaes 181

2.10.14  INPUL POIT O (IPO) ..eeeiiriieiieee ittt ettt e e e e s e e s nnn e es 182
2.10.14.1 AREernative FUNCLIONS .......ooi ittt et e e e e e e e e e e e e e annns 182
2.10.14.2 CONIOl REGISTEIS. ..ot iutiiiie ettt ettt ettt ettt e e e et e e e e snbae e e e e abbeeeeeeaaes 183

2.11  Port (Special I/O) FUNCLION OVEIVIEW ......cocuuiiiieiiiiiiiee ettt ettt e st e st e e e e snbeeee e 184
2.11.1  SpecCial I/O after RESEL .......eiiiiiieiiee e 184
0t I O R o O O T 4 =0 i I 1 U N S P 184

2.11.1.2 JP0O_0to JPO_6: DebUg INtEITACE ....ccveeeeeiiecciieeeeee e 185

2.11.1.3 FPDR(JP0_0), FPDT(JP0O_1), FPCK(JPO_2): Flash Programmer..........cc.c..ccue... 185

00 R | o T = T PRSI 185

P2 R | = O 0 L I PO PPRR P 185

2.11.2  A/D INPUL ARREMNEALIVE 1/O ... ittt 186
P22 I S o T=Tor - | 1@ @0 1 (o] PSRRI 188
2.11.3.1  Direct I/O COoNtrol (PIPC) ...ccciiiiiiiieiiiiiiee ettt 188

2.11.3.2  Input Buffer Control (PISN, JPISAD) .......cccuuiiiiiiiiiiee ittt 190

2.11.3.3  Output Buffer Control (PDSC) .......ccooiieieeeeeerie e 192

2.12  Noise Filter & EAge/LeVvel DEeLECION. ..........civveeeeeeeeiire e et e e e e eas 194
2.12.1  POrt Filter ASSIGNIMENT ....eiiiiiiiiiiiei ettt e e s et e e e snnneeas 194
2.12.1.1 Input Pins that Incorporate Analog Filter Type A........oceeiiiiiiiiieeeeeeeeeeeeeen, 194

2.12.1.2 Input Pins that Incorporate Analog Filter TYpe B.......cc.eeeeeiiiiiiiieiiiiiieeeeiieeeeees 195

2.12.1.3 Input Pins that Incorporate Analog Filter Type C ......ooooiiiiiiiiiiiieeeeeeee s 195

2.12.1.4 Input Pins that Incorporate Digital Filter Type D........coooiiiiiiiiiiiiiiieeeeiiie 196

2.12.1.5 Input Pins that Incorporate Digital Filter Type E.......cvoeveiiiiiiiiiee 198

W A A O [0 Tot (ST U o] o AR (o] gl o]l 1 =T =P 202
2.13  Description of Port Noise Filter & Edge/Level DEeteCtion ............cevvvieeeeeiiiiiciiiiiiiieee e e e ee e 203
P2 R @ 1Y =T YT PP 203
T 7 0 R A o - 1o To T ] T g I8/ 1= LU 203

2.13.1.2  DiIgital FIer TYPES. e eeiiiiiiie ettt ettt e e e e e e e e s e e e e e e aaaeeeeaaans 203

P2 T AN g = (o To 1 1 (= P PEESRR 204
2.13.2.1  Analog Filter CharaCteriStiC .........uuueeaiiiiiiiiiiiie e e e eeees 204

2.13.2.2  Analog Filter Control REJISTEIS .........eiiiiiiiiiiiiei et 204

2.13.2.3 Analog Filter in Standby MOdE ............oooiiiiiiiiece e 204

2.13.3  DIGIAl FIIEIS .. .eeeeiii et 207
2.13.3.1 Digital Filter CharacCteriStiC .........uuuueuieiieiieeeieiiiiiiiiiiiiee e e e e e e e e s s s e e rreeaeeeeeeaans 207

2.13.3.2  Digital Filter GrOUPS.....cccii ittt e e e et e e e e e e e e e e e e e aaaas 208

2.13.3.3 Digital Filters in Standby MOGE............ccooiiiiiiiiiiiiiie e 208

2.13.3.4 Digital Filter CONtrol REQISIEIS......uuiiiiiiiieeeii ittt e e e e e e anns 209

2.13.4  Filter CONtrol REGISIEIS . ...cci ittt ettt e e e e e as 210
2.13.4.1 FCLAOCTLmM_<name> — Filter Control RegISter............coeeiiiiiiiiiiiiiiieeiiiiieeees 211

2.13.4.2 DNFA<name>CTL — Digital Noise Elimination Control Register ............c............ 212

2.13.4.3 DNFA<name>EN — Digital Noise Elimination Enable Register ........................... 213
SECHON 3 CPU SYSIEIM ..oeiiiiiiiiiii ettt e e e e e bbb e e 214
3.1 OVBIVIBW ...ttt ettt et e o4kt e e e e e st e e st e saE et e e Rt e o R Rt e e ne e e e ee e e e e an et e s n e e e e e e e ree s 214
3.1.1 AFChItECIUIAl FEATUIES ....eviieiieiieeee ettt e e et e e e e e e e e s e e s e reeeeeaeeeeaeeeeanns 214

3.1.11 P U e 214



3.2

3.3

3.1.1.2 LO70] 0] doToT <11 o 1 SH PP 214

3.1.13 EXCeptions @and INTEITUPES. ......ci ittt 214
3.1.14 MeEMOrY MaNAGEMENT ....uuiiiii it e e a e e e e e e e aeees 215
3.1.15 System Register Prote€CtiON...........uuuiiiiiiiiiii e 215
3.1.1.6 FUNCHONS NOt SUPPOITEA. .....oeiiiiiiiiieiiiiiit et 215
3.1.2 Power SUPPIY aNd CIOCK ......uiiiiiiieeii e rr e e e e e 215
3.13 RHB50/FLL CPU SUDSYSIEM ....cciiiiiiiee ittt s it ee e e stae e e e e e sibae e e e e enbae e e e e ennees 216
PrOCESSON IMOUEL ... ettt e e e e e e s e e e s ettt e et eeeaeeeeeeesbeebeeeeaeas 217
3.2.1 CPU OPErating MOGE .......oooiiiiiiiiiie ettt e et e e e e e e e e e e e e anaeeneee s 217
3.2.2 [ = 100 V= T ] (=T Vo RSSO 217
3.2.3 CPU Data Address and Physical Program Address Space..........ccceeeveeeeeeeriiiniiiivinieinen, 218
3.23.1 Program Space and Data SPACE........cocuuiiieiiiiiiiie ettt 219
3.2.3.2 Wrap-Around Of Data SPaCE ........ccoeieeiiiiie e 220
3.2.3.3 Wrap-Around Of Program SPaAcCE .........couuiiiiuiiiiiiiieeeia e e 220
3.24 RHB50/FLL MEMOIY MEP ...eviiiieiiiiiiee ettt ettt ettt e e e et e e e e bt ae e e e e enneee 221
3.24.1 C0ode FIaSN Ara . ... 222
3.24.2 Data Flash ATQa .......ueeeieeiiiiii et e e e e e as 223
3.2.4.3 Primary LOCAl RAM AT@.......ccoiuiieciiiieieeie e e e e ettt e e e e e e e e s s e s s aaneeeeeeaee s 224
3.24.4 Secondary LOCal RAM ANa.........couvuuuiiiiiiiiiiiis i ee e e e e e e e e 225
3.245 REtENION RAM AFC& ....eieiiiiiieei ettt e e e e e e s e et eeeeaaeaee s 226
REQISIEr REFEIEICE ... .. et e et e e e e e e e e e e e s e bebeeaeees 227
3.3.1 PC — Program COUNTET .......uuuieiieiiii ettt e s et e s e et e e e s e aebn s e e s eereans 227
3.3.2 [ Ry oS VS (=] I =T 1) (= RS 228
3.3.21 EIPC — Status Save Register when Acknowledging EI Level Exception............. 229
3.3.2.2 EIPSW — Status Save Register when Acknowledging El Level Exception.......... 230
3.3.2.3 FEPC — Status Save Register when Acknowledging FE Level Exception........... 231
3.3.24 FEPSW — Status Save Register when Acknowledging FE Level Exception ....... 232
3.3.25 PSW — Program Status WO ..........cc.uueiiiiiiiiiie e 233
3.3.2.6 CTPC — Status Save Register when Executing CALLT .........coooovviiiiiviniinnneeneenn. 235
3.3.2.7 CTBP — CALLT BaSE POINLET ......vviiiieeiiiiiie ettt 236
3.3.2.8 HTCFGO — Thread Configuration.............ooccuuuiiiiiiiiieee e 236
3.3.2.9 MEI — Memory Error INformation ............ccceveeeiiiiiiiiiiiiieeeecee e 236
3.3.2.10 RBASE — Reset Vector Base AAAreSsS ..........uuuiiiiiiiiieaaiiiiiiiiiiieieeee e 239
3.3.2.11 EBASE — Exception Handler Vector ADdress...........occvveeeiiiiieeeiiiiieee e 239
3.3.2.12 INTBP — Base Address of the Interrupt Handler Table...............ccccovvvvvviviiiinnnnnnn. 240
3.3.2.13  PID — ProCeSSOr D ... s 240
3.3.2.14 SCBP — SYSCALL BaS€ POINEN ....ccoiiiieeiieiiiiiiiiiee e 241
3.3.2.15 MCFGO — Machine Configuration O .............coovrriiiiiiiiiiiiiie e 241
3.3.2.16 MCTL — MaChing CONLIOL........eeiiiiiiiiiiiiiiie et 242
3.3.3 INterrupt FUNCHION REQISIEIS ...ciiie it e e e e e e e e e e e e e e e e 242
3.3.31 ISPR — Priority of Interrupt being Serviced ..........cccoveeviiiiiiieieecieeeeee, 243
3.3.3.2 PMR — Interrupt Priority MasKing ..........ooeiiiiiiiieiiiieie e 244
3.3.3.3 ICSR — Interrupt Control StAtUS ........cceeeiiiiiiciieeee e e e e e e e 244
3.3.34 INTCFG — Interrupt FUNCLION Setting ..........covvvviiiiiiiiiiiiie e 245
3.34 MPU FUNCHON REGISTEIS. ... .eiiiiiiiiiiieee ettt ettt e e e e 246
3.34.1 MPM — Memory Protection Operation MOde ..........ccccceeeiiiiiiiieiieeiieieceeeeevien, 248
3.34.2 MPRC — MPU ReQION CONLIOL .....cceiiiiiiiiiiiiiit ettt 249

3.34.3 MPBRGN — MPU BaSE REJION .....coiiuiiiiiiiiiiiiie et 249



3.34.4 MPTRGN — MPU ENA REQION ....coiiiiiiiiieiiiieiee et 249

3.345 MPLAN — Protection Area Minimum AdAreSs ........coeiiiiiieaiiiiiiiiiiieeeeee e 250

3.34.6 MPUAnN — Protection Area Maximum AdAreSs.........coovvereinreennieesnreee e 250

3.3.4.7 MPATN — Protection Area AttrDULE...........cccuiiiiiiii e 251

3.35 Cache Operation FUNCHON REGISIEIS .....coiuuiiiiiiiiiie et 252

34 INSEIUCHION REFEIENCE ... ittt e e e e e e e e e e s s rreeeeeeas 253
3.5 System Error Notification Setting REGISIEIS......ccoiii i 253
3.5.1 SEG_CONT — SYSERR Exception Notification Setting Registers ...........cccovvciivivieneeen. 254
3.5.2 SEG_FLAG — System Error Source Storing REQISIErS .......cocuvveiiiiiiiiiiieiiiiieee i 255

3.6 USAGE INOTES ..ottt e e e e e e ettt e e e e e e e s et e e et e e e e e e e e e s ae e e reee s 256
3.6.1 Synchronization of Store Instruction Completion and Subsequent Instruction Execution 256
3.6.2 System RegiSter HAzZardsS..........cccuiviiiiiiiiice et e e e e e e e s 257
3.6.3 Accessing Registers by Using Bit-Manipulation INStructions............cccccvvevieeiiiieeinniinens 257
3.6.4 Overwriting Context upon Acknowledgment of Multiple EXceptions..............cccccvvvvvnennenn. 258
3.6.5 Detection of ECC Errors during PrefetChing..........cooceviiiiiiie e 258
Section 4  Write-Protected REQISIEIS........uuuiiiiii i e e 259
4.1 OVBIVIBW ...ttt ettt et e 4o a et e oot ettt e e ettt e a4 saE et e e e e ek R e et e e s e b ne e e e e s aann e e e e annnneeennan 259
4.1.1 FUNCHONAI OVEIVIEW ..ottt ettt sttt e e 259
4.1.2 Writing Procedure to Write-Protected RegISIErS. ........eeiiiiiiiiiiiiiieeeee e 259
4.1.3 Interrupt during Write Protection UNIOCK..............oooiiiiiiiiiiiiiie i 260
4.1.4 Emulation Break during Write Protection Unlock Sequence ...........ccccoviveeinniiieieeennnen, 261
4.1.5 Write-Protection Target REQISIEIS ......uiiiii i e e e e, 261

4.2 =0 153 =1 £ SSPP 264
42.1 LISt Of REGISTEIS ....eeetie ittt ettt et e e ettt e e e rbb et e e e s s bbe e e e e sanbaeeeeannes 264
4.2.2 Details of Control Protection Cluster REQISLErS .........c.cevviviiiiiiiiiiiiei e e e e e e, 266
4221 PROTCMDn — Protection Command RegiSter .........cccovviiiiiiiiiiiiieieiniieee e 266

4.2.2.2 PROTSN — Protection Status REQISTEN...........ccccciviiiiiiireeeeee e 267

4.2.3 Details of Clock Monitor Protection Cluster REQISTErS...........uvvieiiiiiiie e 268
4231 CLMANPCMD — CLMAn Protection Command RegiSter...........cccccvevvriviereeinnnnnn 268

4.2.3.2 CLMANPS — CLMAN Protection Status RegISter .............eeeiiiiaiiiiiiiiiiiiiiiieeeeen. 269

4.2.3.3 PROTCMDCLMA — Clock Monitor Test Protection Command Register ............. 270

4234 PROTSCLMA — Clock Monitor Test Protection Status Register............ccccocuvvee.. 271

4.2.4 Details of Core Voltage MONItOr REQISTEN .........ccoiiiiiiiiiiiieiieeeee e 272
4241 PROTCMDCVM — Core Voltage Monitor Protection Command Register ........... 272

4.2.4.2 PROTSCVM — Core Voltage Monitor Protection Status Register.............ccccc...... 273

425 Details of Port Protection CIUSter REGISIEIS ......cccoiiiiiiiiiiiiiii e 274
4251 PPCMDn — Port Protection Command RegiSter..........ccuvveieiiiiieiiiiiiiieee i 274

4.25.2 PPROTSN — Port Protection Status RegiSter............ciiiiiaiiiiiiiiiiiiiiiieeeee e 275

4.2.6 Details of Self-Programming Protection Cluster REgISters.......ccccccveeevviiviiciiiiiiieeieeeeeeeen, 276
4.2.6.1 FLMDPCMD — FLMD Protection Command Register ............ccceeevvvvvviveeeiviinnnnnnns 276

4.2.6.2 FLMDPS — FLMD Protection Error Status Register...........coooviiiiiiiiiiiiiiniiieeeenn, 277
Section 5 Operating MOUE .........cooiiiiieeece e e e e e e e e e e e e e e e aaaeaaes 278

Section 6  EXCePLiONS/INEITUPLS ...oovvveeeiiiiiiiiieis e s e e e e e e e e ettt s s e e e e e e e e e e eeeeeeeeannennes 279



6.1
6.2

6.3
6.4

6.5

6.6

6.7

6.8
6.9

6.10

LT L0 €T PP TP PP PP PPPPPPRPR 279
RHB50/FLL INtEITUPE SOUICES ... .eeeiieiiiiiiiee e ittt e e ettt ee e ettt e ettt e e e st e e e s s bbb e e e e s annbeeaessnnneeas 281
6.2.1 INTEITUPT SOUICES ...ttt ettt ettt e e e ettt s e e et et e e e e e e e et e e e e e e tba e e eeeeaeenen 281
6.2.1.1 FE Level Non-Maskable INtErrUPLS.........oovvvueiiiiiiiiiie e 281
6.2.1.2 FE Level Maskable INTEITUPLS........uviiiiiiiiiee ittt 282
6.2.1.3 El Level Maskable INteITUPLS..........uuiiiiiiiiiieee e e e e e e 283
6.2.2 FE Level Non-Maskable INterrupt SOUICES..........cvieiiiiiiiie ittt 293
6.2.2.1 WDTNMIF — FENMI Factor REGISLEN ......ouvviiieiiiiiiiie s 293
6.2.2.2 WDTNMIFC — WDTNMI Factor Clear REQISIEN ........cccovviiiiciiiiiiiieeeceee e 294
6.2.3 FE Level Maskable INTErrupt SOUICES ........oviiiiiiiiieeaiiiiite ettt 295
6.2.3.1 FEINTF — FEINT Factor REQISIEr ........ccovveeeeeieieiiceie e ee e 295
6.2.3.2 FEINTFMSK — FEINT Factor Mask REQISTEr ..........euiiiiiiieaiiiiiiiiiiiieieeeeaee e 297
6.2.3.3 FEINTFC — FEINT Factor Clear REQISTEr ........ccoiiiiiiiiiiiiiieeeeiee e 299
EAQE/LEVEI DEIECHION. ....cei ittt ettt e e et e e e e b e e e et e e e e ennree s 301
Interrupt Controller CoNtrol REGISTEIS .......oii i e s 302
6.4.1 ICxxx — EI Level Interrupt Control REQISLEIS.........ccooiiiiiiieeeeirirrs e e e eeaaanns 302
6.4.2 IMRmM — EI Level Interrupt Mask Registers (M =010 8)........coeeeiiiiiiieeiiiiieee e 304
6.4.3 FNC — FE Level NMI Status ReQISIEN .........ocvvviieeeeiieiiiiiis s e e e e 305
6.4.4 FIC — FE Level Maskable Interrupt Status RegiSter..........c.uvveiiiiiiiiiiniiieie e, 306
El Level Maskable Interrupt Select REGISIEIS ......cooiiiiiiiiiiiiee e 307
6.5.1 SELB_INTC1 — INTC1 Interrupt Select REQISLEr ..........cooiiiiiiiiiiiiiieiei e 307
6.5.2 SELB _INTC2 — INTC2 Interrupt Select REQISter .........cccevvviiiiiiiiiieeie e 309
Interrupt FUNCLION SYStEM REQISTEIS ....cviviiiii it e e e e e e e e eeeeee s 311
6.6.1 ISPR — Priority of Interrupt being Serviced ... 311
6.6.2 PMR — Interrupt Priority MasKiNg .......cccooeoiiiiiiieeeeeecers s e e e e e e e e ee s 311
6.6.3 ICSR — INterrupt CONrOl STALUS .....cocoiiiiiiieeiiiiie e 311
6.6.4 INTCFG — Interrupt FUNCLION SELHNQ ......ccceeeieiiieeeeeeescs s e e e e e e e e e e e e e eeeaaanenees 311
Operation when Acknowledging an INteITUPL.........ovieeeiii i e e e e e 312
6.7.1 Exception Source Codes When an SYSERR Exception OCCUIS...........cccccvvvvveeeeeieeeeeennnnn 314
RETUIN FrOM INTEITUDTS . ..ee ettt s et e e e et e e e et re e e e nere s 315
11T (U] o @] o T=Tr= 11 o] o FO PP TP PR ORI 316
6.9.1 Interrupt Mask Function of El Level Maskable Interrupt (EINT) .......ooooiiiiiiiiiiiiiinnnenannnn. 316
6.9.2 Interrupt Priority Level JUAGMENT.........coocieeeeee e e e e e e e e e 316
6.9.2.1 Comparison with the Priority Level of the Interrupt Currently being Handled........ 317
6.9.2.2 Masking through Priority Mask Register (PMR) ........ccuuiiiiiiiiiieieeeee e 317
6.9.2.3 The Requested Interrupt Source with the Highest Priority Level is Selected......... 317
6.9.24 Interrupt HOId DY CPU ...t 317
6.9.3 Interrupt Request Acknowledgement Conditions and the Priority ..........cccccceevvviiieennnnnnn. 320
6.9.4 Exception Priority of Interrupts and the Priority MaskK..............cccceeeieiiiiiiiiiiieeeeieceeceeeeeeiiinns 320
6.9.5 INEITUPE PrIOMTY MASK ....coiiiiiiiiii e 320
6.9.6 Priority Mask FUNCHION .....uuueiiiii i e e e e e e e e e e e e e e e e e e aeaaeeeenrnannnnes 321
6.9.7 EXCEPLION MABNAGEMENT....ccii ittt ettt e e st e e e s st b e e e e e s nnbaeeeeeaaes 321
EXCePioN HANAIETr AQUIESS ....oiiiiiiiiiiee ittt ettt e et e e e e e eanne s 322
6.10.1  DireCt VECOr MELNOM.......ceiiiiiiiiiiiiie ettt e e e e e e e e e e e e aees 323

6.10.2 Table Reference MEhOM ...........uuuiiiiiiiii e e e e e e e s ab e eaees 325



SCHION 7 DIV A e e 327

7.1

7.2

7.3

7.4

Features of RHB50/FLL DMA ... ..ttt e e e e e e e e s e e e e e e e aee e e e s s nnnreneeeeeens 327
7.1.1 NUMDEr Of ChANNEIS... ...t e e e e e e e 327
7.1.2 REQISIEr BASE AGUINESS .. ..ottt e et e e e e e e e s e s st e e e e e e aaeeesesannnnsrnaanaeeees 327
7.1.3 INTEITUPTE REQUESTS ...ttt ettt s e e e e e e e e e e e e e aeeeeeeeeesbnbnbnnneas 328
7.1.4 DY N o To =] B = od 1o ) £ RPRE 329

OVBIVIEW ... ettt ettt ettt e e e ettt e a4 ek bttt e e ookttt e e e aat e et e e e e am ket e e e e s abbeeeeesanbbbeeeesanbeeeeeanbeeeeeannes 333
7.2.1 FUNCHONAI OVEIVIEBW ...ttt ettt e e e e e e e e et e e e e e e e e e e e s e e annennreneeeeeens 333

7.21.1 DMA Transfer FUNCLION .........ooiiiiiiie e 333
7.2.1.2 DTFR FUNCHON ...ttt e e e e e e e e e s et aeeeeaaaeeas 335
7.2.1.3 DMA ACCESS MEMOIY MaAP .......ciiiiiiiiiiiiieee e 335
7.2.1.4 Prioritization of Channels .............ooiiiiiiiii s 335
7.2.2 B =11 10 TSP PPPPRPPUUPPPPTPRIRt 336
7.2.3 (21 [oTod 1 DT To |- o U 337

=T 1] (=] =T PRSI 338
7.3.1 LISt Of REGISTEIS ....eeeiie ittt e st e e ettt e e s sabbe e e e s abbeeeeeesnbaeeeeanne 338
7.3.2 Enabling or Disabling Writing Control REgISTErS...........ooiiiiiiiiiiiiiieeeeeeeee e 339
7.3.3 DMAC CONIOl REGISTEIS ....uitiiieei ittt ettt e e et e e e e sbr e e e e e e 340

7.3.3.1 DTRCO — DMA Transfer Request Control Register O............ccceeevvvevevvveveivivnnnnnnn, 340
7.3.3.2 DMCMO — DMA Channel Master Setting Register O...........cccoccvveveeiniiieneniniinene. 340
7.3.3.3 DSAM — DMA Source Address ReJISIEr ......c.uuuiieiiiiiiiie e 341
7.3.3.4 DDAmM — DMA Destination Address RegiSter..........uuueeiiiiiiiiiiiiiiiiiiiiieiecee e 343
7.3.3.5 DTCm — DMA Transfer Count Register (m = 010 15) ......ueveeviiiiiiiiiiiiiiiee e, 345
7.3.3.6 DTCTm — DMA Transfer Control Register (M =010 15) ........coovvccvviiiiiiineeeeeeenn, 346
7.3.3.7 DTSm — DMA Transfer Status Register (M =010 15) ......ccooiiiiiiiiiiiiiiiiiceeeeeeeen, 347
7.3.4 DTFR CONtrol REQISTEIS ...uviviiiiiiiiieee e e e et e et e e e e s e s s e e e e e e e e s e s s e b reneeeeaeeaeaes 349
7.34.1 DTFRm — DMA Trigger Factor Register m (m =010 15).........ccccovvrrrrriivinvnnnnnnnnn, 349
7.3.4.2 DRQCLR — DMA Request Clear RegiSter .........cooiiiiiiiiiiiiiiieeeeeeeeeiiiiieeeee e 350
7.3.4.3 DRQSTR — DMA Request Check ReQISter........cccvviiiiiiiiiiiiie e 350

1 T3 1 o £ SSPSPR 351

7.4.1 DMAC TranSfer MOOES ........ueeeiiiiiieee ettt e e e e e e e e e e e eeeeeeaaaeeas 351
7.4.1.1 Single Transfer Mode (when hardware DMA transfer request is generated)........ 351
7.4.1.2 Single-Step Transfer Mode (when software DMA transfer request is generated). 352

7.4.2 DMAC Channel Priority CONIOL........coiiiiiiiiieeiiiiiiee ettt e 353

7.4.3 Valid DMAC Transfer Request CONditiONS ...........coooiiiiiiiiiiiiisces e e e e e ee e eeaaneaens 354

7.4.4 Suspending/Resuming/Forcibly Terminating DMA Transfer .........cccoveeeiiiiiieeeeiiiiiieeeens 355
7.4.4.1 Suspending or Resuming DMA Transfer for All Channels through Software........ 355
7.4.4.2 Suspending or Resuming DMA Transfer for Each Channel using DMA Transfer

Enable Bit (DTSMDTE) ....uuviiiiiiiiiiee ittt e s e e e s s e e s e snraae e e e e nnnnes 355
7443 Suspending or Resuming DMA Transfer by using Software DMA Transfer

ReqUESE Bit (DTSMSR) ..iiiiiiiiiiceciiiieii et e e er e e e e e s e s s e raeeeeeaeeeeees 355
7444 Forcibly Terminating Suspended DMA Transfer ........ccccccviiiiiiiiiiiieieieiee e 355

7.4.5 EITON RESPONSE .. ettt e e ettt e e et e et e e e e e eeaa e e e e eerenen 356
7.45.1 Suspending DMA Transfer by Error RESPONSE.........cooovvvviiieiiiiiicie e 356
7.45.2 Canceling Transfer Suspend by Error RESPONSE.........ueeeiiiiiiiiiiiiiiiiiiiiieeieeeee 356

7.4.6 StANA-BY SUPPOIT ....eeiieiiiiee ettt st e e e e s e s 356

7.4.7 [oTo] oI {1111 o] o RN TP UPPTPPPRTRTP 356



7.5 ProteCION FUNCLION ...ttt et e e e e e e e bbbt e et e e e e e e e e e abbebeeneeees 357
7.6 DMAC Transfer SEttNG FIOW .........cccoiiiiiiiiiiee e e e e e e e e e e e s s raeeeee s 358
Section 8  RESEt CONIONET ......cooiiiieee e 359
8.1 OVBIVIEW ...ttt ettt ettt e e e ettt e oo ek bttt e e ookttt e e e aat e et e e e e am ket e e e e e ek beeeeesanbbbeeeesanbeeeeeanbeeeeennnes 359
8.1.1 RESET SOUIMCES ...ttt e e e e e e e e e e e e e aaeeeeeeeeeeeaeeetenennnnnnnnnnnnan 359
8.1.2 Reset Controller REAUNAANCY ..........uuuuiiiiiiieiiie et s e e e e e e e e e ee e e e e eeeaaaaennn 360
8.1.3 Reset Output (M) ............................................................................................. 361
8.1.4 L LS EY = = o 361
8.1.5 ClOCK SUPPIY .ttt ettt e s sttt e e s bbb e e e e s aneee s 361

8.2 (0] 01T [ 1= Uio o LS TP RRURTRP 362
8.2.1 2] (oTot QB = To | =1 4 P PP PP UPPPPPPOPPPPN 362

8.3 T oIS (] £ TP PP PRPPPPPP 365
8.3.1 Reset Controller REQISIErS OVEIVIEW ........uuuviiiiieieeeeieiiiiiiiiiieeieeee e e e e e e s e s s ssnnranareereeeaaaeee s 365
8.3.2 Details of ReSet Flag REGISIEIS .......uiiiiiiiiiiiiiee ettt 366
8.3.2.1 RESF — Reset FACtOr REQISIEN .......uuuiiiiiiieiee e e st ee e e e e s sstrreeee e e e e e e 366

8.3.2.2 RESFC — Reset Factor Clear RegISter........ccoeiviiiiiiiiiiiciieieee 368

8.3.2.3 RESFR — Redundant Reset Factor REQISter...........uuveviiiiiieeiiiiiiiiee e 369

8.3.2.4 RESFCR — Redundant Reset Factor Clear ReQISter...........ccccvvvirieiieeeeeeeee i 371

8.3.3 Details of Software Reset Control REQISIEIS ........ccoiiiiiiieiiiiiiiie e 372
8.33.1 SWRESA — Software Reset REGISIEN .......ccoiiiiiiiiiiiiiie et 372

8.4 (Ui o] F= U =T o] T o IS 373
8.4.1 RESEL FIAGS .. ettt e et e e e e e e e e et e e ane 373
8.4.2 Power-On-Clear (POC) RESEL........uuuiiiiiiiiiiie it e ettt e s e e e e e e e aeaaeeeeeeaesnnnes 373
8.4.3 Low-Voltage INdicator (LVI) RESEL......ccoiiiiiiiiiiiiiiec ettt 376
8.4.4 Core Voltage Monitor (CVIM) RESEL........uuuuuiiiiiiie oot e e e e e 377
8.4.5 External Reset (FSET) ................................................................................................... 378
8.4.6 Watchdog Timer (WDTA) RESEL.......coiiiiiieiiieieee et r e e e e e e s e s s r e e e e ae e e e s e anans 379
8.4.7 SOFWANE RESEL ...ttt e e e e e e s e e e e e e e e e e e e e e s e e annnreaeeeas 379
8.4.8 CloCk MONItOr (CLMA) RESEL......uuuiiiiiiiiieee e e e e e ettt e e e e e e e e st r e e e e e e e e e s s e e nnnrnaeeaeeees 380
8.4.9 DEDUQGUET RESEL ...ttt e e ettt e e et e e e e e e e e e e e e eeeeeaens 380
Section 9 Supply Voltage MONITON........cuuiiieiiiiii e e e eeeeeeees 381
9.1 OVBIVIBW ...ttt ettt e e e e o4 oo ek bbbt ettt e e e e e e e e e o e R bbb be b et et e e e e e e e s e aannbbbbbeeeeaeeeeaeeannnne 381
9.1.1 FUNCHONAI OVEIVIEW ...ttt et e e e e e e e s e ab bbb eeeaeas 381
9.1.2 POWEI-ON ClEAN (POC)....ciiiiiiiiiiee ettt ettt et e e e st e e e e aabeeeeeeaaes 382
9.1.3 Low Voltage Indicator CirCUIt (LVI) ......vuueeeiieie i e e e e e e e e e e e e e eeanaens 382
9.131 LVI Reference VOIAgE .........coooiiiiiiiiiiiice ittt 382

9.1.3.2  LVIRESEL (LVIRES) w.eeveeeeieieeeeeeeeeees e e et ene s st enennans 382

9.1.3.3 LVI Interrupt (INTLVIL 7 INTLVIH) .oooiiiiii e 382

9.1.34 LVI Setting PrOCEAUIE ........eviiiiiiiiiiie ettt 383

9.1.35 Clock SUPPIY t0 the LV ....eeeiiieie e 384

9.14 Core Voltage MoNItOr (CVIM) .......uuiieiiieiieeeee ettt e e e e e e e e e e ebebee e 384
9.141  CVMRESEL (CYMRES) .....ooveieoieeeeeeeeeeeeeeeeeeeeeee e, 385

9.14.2 CVIM SEHING .ttt ettt e e st e e e e ettt e e e e sbb e e e e e snbbeeeeeeneee 385

9.1.4.3 Diagnostic (DIAG) MOUE .......ccoeeiiieeeeeeeee s s 385



9.1.4.4 CloCk SUPPIY tO the CVIM ..ot e e e e e e 386

9.15 RAM Retention Voltage Indicator (Very-Low-Voltage Detection Circuit:VLVI)................. 386
9.15.1 Clock SUPPIY 10 the VLV .ueeeeiiiiie ettt ee e 386

9.1.5.2 Retention RAM Content RetentioN ...........coooiiiiiiiiiiiiii e 386

9.1.6 (21 [oTod 1 T To |- o o USSR 387

9.2 S0 1S3 =] £ PSSR 388
9.2.1 LISt Of REQISTEIS .....eeeieiiiiiiee ettt ettt et e e et e e e st b e e e e s s bre e e e e aanbneeeeane 388
9.2.2 Low-Voltage Indicator Reset Control REQISTEIS..........ccooiiiiciiiiiiiiiieiee e 389
9.221 LVICNT — LVI CONtrol REGISTET ......coiiuiiiiiiiiiiiet ettt 389

9.2.3 Core Voltage Monitor Control REJISIEIS.........coiicciiiiieiee e 390
9.2.3.1 CVMF — CVM FaCtor REQISTEN .....ciiiiiiiiiiie ettt ettt taee e 390

9.23.2 CVMDE — CVM Detection Enable RegiSter.........ccoooiiiiiiiiiiiieiiiiiee e 391

9.2.3.3 CVMDIAG — CVM Diagnostic Mode Setting Register............oovvvvvvviiviiciiiineeeeeeenn, 392

9.2.4 Very-Low-Voltage Detection Control REGISIEIS ..........oviiiiiiiiiiiiieie e 393
9.24.1 VLVF — Very-Low-Voltage Detection RegiSter.........oocuueiiiiiiiiiiiieiiiiiecee e 393

9.24.2 VLVFC — Very-Low-Voltage Detection Clear Register ............ccccoevvvvvvvvvvivvvnvnnnnn. 394

Section 10 ClIOCK CONIOIET ....cooeieeeeeeeee e 395
10.1  Features of Clock Controller of RHB50/FLL..........cccoiiiiiiieiiiiiiie et 395
10.2  Configuration of ClOCK CONLIOIEN...........eeeiiiieiiiiii e e e e e e e e e e e e e e enneeees 397
10.2.1  Clock GeNEration CilCUILS........c..uueiieeiiieieaeeee ittt et et e e e e e e e e e et e e e e e aaaeeesaaaanneeneeeeees 399
10.2.2  ClOCK SEIECLION ...ttt et e e e e e e e sttt e e e e e e e e s s nnabeeeeeas 400
02 T @1 o o] QT ¢ - 11 PSS 401
10.2.4 Resetting ClOCK OSCIlAtOrS. .......ccoiiiiieeeee e a e 401
10.3  ClOCK OSCIHIALOIS .....eeieiiiiiiiee ittt e e ettt e e e sttt e e e s s bt et e e e sanbbeeeeessnbeeeesanbbeeeeesanes 402
10.3.1  Main OSCillator (MAINOSC).......ueeiiiiiiiiiie ettt ettt e e e e s seanneeee s 402
10.3.2  Sub OSCiIllator (SUDOSC)....cciiiiiiiiiiie ittt ettt e et ee e e s nnnereee s 404
10.3.3  High Speed Internal Oscillator (HS INTOSC).......coiuriiiiiiiiiiiiei e 405
10.3.4 Low Speed Internal Oscillator (LS INTOSC) .....uuuuiiiiiiiiei e 406
0 78 T . I P 407
10.3.5.1  PLL PArameLerS ......eueieiiiieie ettt e e e e e e e e e e e e e e e ee e s e rnennn s 408

R B (= To 1] (=] = PP PPP PPN 410
10.4.1 LISt Of REGISEIS ... .eiiiiiiiiiiiiie ittt e sttt e s bbbt e e e sabb b e e e e e nanneeae s 410
10.4.2  Clock OSCIllator REQISIEIS ......ccciiiieieieeiee s e e e e e e e et e e e e e e aeaaeeas 412
10.4.2.1 MOSCE — MainOSC Enable REgIStEr ........ccoiiiiiiiiiiiiiiieiiee e 412

10.4.2.2 MOSCS — MainOSC Status REGISIEN ........uvviiiiiiieieeeie e 413

10.4.2.3 MOSCC — MainOSC Control REGISIEN .........uuiiiiiiiiiaaaeii it 414

10.4.2.4 MOSCST — MainOSC Stabilization Time RegiSter .........cccvvveeviiiieee i 415

10.4.25 MOSCSTPM — MainOSC Stop Mask ReQISter ..........uuuuiiiiiiiiieiiiee e 416

10.4.2.6 SOSCE — SUbOSC Enable RIS .........uuiiiiiiiieiiiiiiiiiiieeee et 417

10.4.2.7 SOSCS — SUDOSC Status REQISTEN ......uuuuiiiiieiieeei e 418

10.4.2.8 SOSCST — SubOSC Stabilization Time RegiSter........cccceevveiiiieieeeieieeeeeeeeeeeeiiinins 419

10.4.2.9 ROSCE — HS IntOSC Enable RegISter..........cuiiiiiiiiiiiiiiiiiiiieeeeee e 420
10.4.2.10 ROSCS — HS IntOSC Status REQISter.........uvriieiiiieeeeeeeiiiiiiiiiieer e e e e e e e e e 421
10.4.2.11 ROSCSTPM — HS IntOSC Stop Mask RegiSter .........ccceevvuviveeeiiiiiiee e 422
10.4.2.12 PLLE — PLL EN@ble REQISIEN .....ceeiiiiiei ettt 423

10.4.2.13 PLLS — PLL StatuS REQJISIEN .......eiiiveieiieie et 424



10.4.2.14 PLLC — PLL CoNtrol REQISIEN ......cceeiiiieeeeeeeeee s e e e e 425

10.4.3  Clock Selector CONtrol REGISIE .......ocuuuiiiiiiiiiiiie ittt 434
10.4.3.1 WDTAO Clock Domain C_AWO_WDTA.....ccoiiiiiiee ittt 434
10.4.3.2 TAUJ Clock Domain C_AWO_TAUJ.......ooiiiiiiiiiieeeiiit ettt 437
10.4.3.3 RTCA Clock Domain C_AWO_RTCA ..ottt 442
10.4.3.4 ADCAO Clock Domain C_AWO_ADCA .......cooiiiiee ettt 447
10.4.3.5 FOUT Clock Domain C_AWO_FOUT ......cociiiiiiiiieiiiiiiee et 452
10.4.3.6 CPU Clock Domain C_ISO_CPUCLK ......cccoiiiiiiiiiiiiiiie e 455
10.4.3.7 Peripheral Clock Domains C_ISO_PERI1 and C_ISO_PERI2 ...............cceevvvveees 459
10.4.3.8 RLIN Clock DOmains C_ISO_LIN.....cccoiiiiiiiiiiiiieeee e 463
10.4.3.9 ADCAL Clock Domain C_ISO_ADCA .......ooiiiiiiiee ettt 468
10.4.3.10 RS-CAN Clock Domains C_ISO_CAN and C_ISO_CANOSC............cccuvvreeerinnnnn. 472
10.4.3.11 CSI Clock DOMAIN C_ISO_CSl ....uuuiiiiiiiiiiieeiiiiee ettt 478

10.5 Clock Domain Setting Method ..........ooo i e e e 480

08 ©1 [o Tod 0 To T =V IS T =] 1] o R 480
10.5.1.1  Overview of Clock Selector REQISter..........cooiiiiiiieeiiiiii e 480
10.5.1.2  Setting Procedure for CIoCk DOMAIN ...........ouviiiiiieieiiiiiiiiiiieeeee e e 481

10.5.2  Stopping the Clock in Stand-By MOGE...........c.cuuiiiiiiiiiiaieee e 481

O R T0C T @4 (o ol 1q o 0 =11 IR =Y 1] o SO 482

10.6  Frequency Output FUNCHON (FOUT) .....uuiiiiiiiiiiieeie e e e e eseieieeiee e e e e e e e e e s e s e sseseeeaeeeeeeeaeaeeeeeeannnnnes 484

10.6.1  FUNCHONAI OVEIVIEW .....ccoiiiiiiieiie et e e e e e ettt e et e e e e e e e e s st eeeeaeaeeeesaannnsnseeneeeeeeens 484

O G o L= 1] (] £ 485
10.6.2.1  LiSt Of REQISIEIS. ..cciiiiii ittt e e e e e e e e 485
O T2 O (o o3 G T o] o] SRR 485
10.6.2.3 FOUTDIV — Clock Division Ratio REQISEr.............ccevviviuiiiiiiiiiiieieeeeeeeeeeeeeeeeeiinans 486
10.6.2.4 FOUTSTAT — Clock Divider Status REQISter .........cuuvvieiiiiiiiie e 487

10.7  CloCK MONITOI A (CLMA) ..ottt ettt e e et e e e s sab b e e e e s aabr e e e e e sanbneeeeanes 488

10.7.1  Features of RHB50/FLL CLIMA .....oci ittt ettt e e ee e st ee e e s snnna e e e s snseeeeas 488
10.7.2.1  Number of ChanNEIS ...........ueiiiiiiiiiii e 488
10.7.1.2 Register Base AGUIESSES.....cuuiiiieieeei ittt e e e e e e e e e e 488
10.7.1.3  ClOCK SUPPIY ettt ettt e ettt e e e e e e e e e e e annnbnbee e 488
10.7.1.4  RESEEI SOUICES ....oiiitititiiae e e e ettt ettt a e e e e e e e e e e aaaeeeeeeaeeeaeeseenbennnnnnnns 489
10.7.1.5 Internal INPU/OULPUL SIgNAIS.....ccoiieiii i a e e e e e e e 489

O © Y= V1 SRR 489
10.7.2.1  FUNCHONAI OVEIVIEW.....ccii ittt et e e e e e e s see et r e e e e e e e e e s s s nnntaeaaneeeeaaeeeessanannnnenes 489

O T B = o - o] [T Vo T O I PSSP 491

OB S U | o3 1T 1 S 491
10.7.4.1 Detection of Abnormal CloCK FreqUENCIES..........coevvvvviiviiiiiiiiiiiie i ee e eeeeee e 491
10.7.4.2  Notification of Abnormal CIoCK FreqUENCY ..........cooviiiiieiiiiiiiieiiiieee e 493

O A (T[] (] 494
10.7.5.1  LiSt Of REQISIEIS. ..cciiiiiiiiiiie ettt e e e e e e 494
10.7.5.2 CLMANCTLO — CLMARN Control RegIiSter O.........cceiviiriiieiiiiiieeeiiiiiee et 495
10.7.5.3 CLMANCMPH — CLMAN Compare Register H .........cccceeeiiiiiiiiiiieeeieeeeeeeeeeeeiiians 496
10.7.5.4 CLMANCMPL — CLMAnN Compare Register L........c.cooiiiiimiiiiiiiiieaeeeeeeeeiiieiee 497
10.7.5.5 CLMATEST — CLMA TeSt REQISIEN ......vviiiiiiiiiiiieiiee e 498
10.7.5.6 CLMATESTS — CLMA Test Status RegISter........ccoccviieeiiiiiiie e 499
10.7.5.7 CLMANEMUO — CLMAN Emulation RegiSter 0 .........c.ccceevriiieeeiiiiiiie e 500

10.7.6  Usage NOtES fOr CLIMAN. ... e e e e s r e e e e e e s e e s snnranaeaeeees 501



Section 11 Stand-By Controller (STBC).......cccuuiiiiiiiiiiiiiiee e 502

5 O 1 o 1T 1R 502
11.2.1 Types of Stand-By MOAE .........uueiiiiiiieieee et 502
11.1.2  WaAKE-UP CONLIOL .. ..iiiiiiiieiieiiee ettt e e e e e s s e e e e e e e e s e e st a e e e aaeeeeeeanannnrnreees 503

11.1.2.1  Wake-Up Factors for Stand-By MOAES...........c.eeviiiiiiiiiiiiiiieee e 503
11.1.2.2  Setting of WaKe-Up FACIOIS ......coiiuiiiiiiiiiiiie ittt 505
11.1.3 On-Chip DebUgQ WaKe-Up.........oooiiiiiiiiiiiiiiiiiiie et a e e e e e e e e eaeees 508
O O S 1 (@ I = 03 =7 @0 oo 509
11.1.4.1 /O BUFfEr HOIA SEALE ....cceeiiiiiiee ittt 509
11.1.4.2  1/O Buffers during STOP MOE ........ccooiiiiiiiiiiiiiie e 509
11.1.4.3  1/O Buffers during DEepSTOP MOME........cccooiiiiiiiiiiiiiiieeeiie e 509
11.1.5 Transition to Stand-By MO ...........uuiiiiiiiiiiiiii e 510
I 0 I G R @1 [ Tor SRS 1B o Y PSPPI 510

N = To |51 (=] £ PR P PP PPUPPPRPPPPPPPIN 511
11.2.1 LISt Of REGISEIS ... eeeiiiiiiiiiiee ettt ettt et e e e abb e e e e aaneeeeeas 511
11.2.2 Details of Stand-By Controller Control REQISLErS .......ccceeeeiiiiiiiiiiiiieeir e 512

11.2.2.1 STBCOPSC — Power Save Control REgiSter ..........coooiuuviiiiiiiiiiieee e 512
11.2.2.2 STBCOSTPT — Power Stop Trigger REQISter........cooiuviiiiiiiiiiieeeiiee e 513
11.2.2.3 WUFO/WUF20/WUF_ISO0 — Wake-Up Factor Registers............cccceeeevvvvivivennnnns 514
11.2.24 WUFMSKO/WUFMSK20/WUFMSK_ISO0 — Wake-Up Factor Mask Registers... 515
11.2.25 WUFCO/WUFC20/WUFC_ISO0 — Wake-Up Factor Clear Registers................... 516
11.2.2.6 IOHOLD — I/O Buffer Hold Control Register .............ooovvviiiiiiiiiiiiiiieieeee e eeeeeeeeeeees 517

O T |V [ To [ I =T 1< 11 o o PP PPPPPPRN 518
I T A @ ] = 1V [ To [ PRSPPI 518
11.3.2  DEEPSTOP MOUE ...uviiiiiiiiiiie e s ettt ettt e ettt e e e st e e e st e e e e e sstbeeeaesssbaeaaeeasbaeeeeesnteeeaans 520
11.3.3  CYClC RUN MOGE ...oeeiiiiieeeii ettt e e e e ettt e e e e e e e e e s st ae e e e e e e e e e e s e e snnnsrennneeees 523
I S @4 [ ol @ T = Vo o PRSP 525

11.4  Writing to the Stand-By Controller Related ReQISIErS........uuuviriiiiiiiiiii e 526

11.5 Cautions when Using Stand-BY MOUES .......c.cceeeiiiiiiiiiiiiiiieeiieee e e e e e sssstneeer e r e e e e e e s e e s snnnnnnnne 526
11.5.1 Cautions Concerning Transitioning to DeepSTOP Mode When Using a Debugger......... 526

Section 12 Low-Power Sampler (LPS) ... 527

12,1 Features Of RHBB0/FLL LPS ....occoiiiiie ettt ettt e st ae e e e st e e e e e sntee e e e e snnbeneeeenees 527
12,21 NUMDBDEE OF UNIES ...ttt e e e et e e e e e e e e e e s aenbbeeeeeas 527
12.1.2  RegiSter BASE AUUIESS ......ooiiiiiiiiii ettt e st ea e 528
D T T @1 (o Tox (U] o] o Y25 528
12.1.4  INEEITUPE REQUEST . ....eeeiiiieeeee ittt ettt e e e e e s e e e e e e e e e e e s s e e s 528
L12.1.5  RESEE SOUIMCES ....euiititiiaee ettt e e e e et ettt e e e e e e e e e e e e e et eteeeeeeesebe b bbb e r e e e e e e e e eeas 529
12.1.6  External INPUt/OULPUL SIGNAIS.........ciiiiiiiiiieiiiiiie et 529
12.1.7  Internal INPUt/OULPUL SIGNAIS .....uiiiiii e e e s 529

D2.2  OVEIVIBW ...ttt ettt ettt e e e oo ook b bt b et ettt e e a2 e e e e e e o b b e bbbttt et e e e e e e e e e e e bnnbebeeaeeeeae e e nrnes 530
12.2. 1 FUNCLHONAI OVEIVIEW ......iviiiiiiiiieiee ettt ettt e ettt e e e s sttt e e e s stb b e e e s esbbaeeaesanbbeeeeeans 530

I T S (= To IS (=] £ TP PP PPTRPPPPPRN 531
12.3.1 LISt Of REGISEIS ... eeiiiiiiiiii ettt ettt et e st e e e sbbb e e e e s aanneeeeeas 531

12.3.2 SCTLR — LPS CONtrol REQISIEN ....cceeieeeeiieieiitees sttt e e e e e e aa e 532



12.3.3 EVFR — EVeNt Flag REQISIEr.......ccooiiiiieeeeee e a e e e 534
12.3.4 DPSELRLO — DPIN SeleCt REGISIEr O....cccoiiiiiiieiiiiiiie et 535
12.3.5 DPSELRM — DPIN SeleCt REGISIEN M.....ciiiiiiiiiiiiiiiiie et eiaaeee s 536
12.3.6 DPSELRH — DPIN Select RegiSter H .......ooouiiiiiiiii e 537
12.3.7 DPDSRO — DPIN Data Set REGQISEN 0 ......cccuveiieeiiiiiiieeiiiiiee e eiieee e e sieiee e seaee e nneeeeeas 538
12.3.8 DPDSRM — DPIN Data Set RegISter M .......c..uiiiiiiiiiiiieiiiiie e 539
12.3.9 DPDSRH — DPIN Data Set REGISTEr H ...ccooiiiiiieiiiiiiee e 540
12.3.10 DPDIMRO — DPIN Data Input Monitor REgISter O ..........ccuveiieiiiiiiieeiiiiieeee e 541
12.3.11 DPDIMR1 — DPIN Data Input Monitor Register L ...........ccooviiiriiiiiiiiiicccine e 541
12.3.12 DPDIMR2 — DPIN Data Input Monitor REQISLEr 2 .........cocuuiiiiiiiiiiieeiiiieee e 542
12.3.13 DPDIMR3 — DPIN Data Input Monitor RegiSter 3 ..........ccooiviriiiieiiiccresr e 542
12.3.14 DPDIMR4 — DPIN Data Input Monitor REQIStEr 4 .........cccuuveiiiiiiiiie e 543
12.3.15 DPDIMR5 — DPIN Data Input Monitor Register 5..........ccooiviiiiiiiiiiiicciie e 543
12.3.16 DPDIMR6 — DPIN Data Input Monitor REQISLEr 6 ..........ccuueiiieiiiiiiiee e 544
12.3.17 DPDIMR7 — DPIN Data Input Monitor REQIStEr 7 ........cccooviiiiiiieeeee s 544
12.3.18 CNTVAL — Count Value REQISTEI........uuiiiieiiiiiiie ettt 545
12.3.19 SOSTR — LPS Operation Status REQISLEN ......uuuuiiiieiiiei i 546
12,4 Digital INPUL IMOOE ...ttt ettt e e e ettt e e e e sttt e e e s sabbe e e e e s anbbeeeeessbbeeeeesanes 547
D228 S AN g = (o o [ o101 1Y o o = PSS 552
Section 13 External Memory Access Controller (MEMC) .........coooviiiiiiiiniiiiiiiiiiiieee 556
13.1  FeatureS Of MEMC. ... .o ettt e e e e e e e e s st e et e eaeaeeseannnnsntbnnaeeeeeaeeeennannnnnes 556
13.1.1  Products that INCOrporate MEMC ...........ooiiiiiiiiiiiiiiie e 556
13.1.2  REQISIEr BASE AUUIESS .. .uuiii it e e e e e e e et e e et e e e e e e aaaes 556
13.1.3  ClOCK SUPPIY .ttt ettt ettt e e st e e st e e e e e anneeee s 557
13.1.14  RESEE SOUIMCES ...ttt et e e e e e e e e et ettt ettt a e e e e e e e e e e ae et et et e e eeeeebebbbb e e e e e e e e e eeeas 557
13.1.5 External INPUt/OULPUL SIGNAIS........cuiiiiiiiiiiiiee e e e e e e e e e e e e e e e e s s e nnnneeneeees 557
T © YT V1 PR PPURURTRPR 558
13.2.1  FUNCHONGI OVEIVIEW ...ttt ettt e e e e e e e e bbbttt e e e e e e e e e e e nibbb b e aeeeeeeas 558
13.2.1.1  MUIPIEXEA BUS ...cciiiiiiiiee ettt ettt e e e e 558

13.2.1.2  Chip Select OULPUL FUNCLION .. ..uviiiiiiee e e e e e e e e e e anenes 558

13.2.1.3  BUS SiZING FUNCHION. ..ottt e e e e e e e e anbenree e 558

13.2.1.4 Data Endian Setting FUNCHON...........coiiiiiiiiiiiiie e 558

13.2.1.5 Programmable Wait Setting FUNCLIONS..........ccceviiiiiiiiiiiiieee e 558

13.2.1.6  External Wait FUNCHON .........cooiiiiiiiiiiiiiiee e 559

R TR N = To | 151 =] = ST PPPPURTRPTN 560
R T A I 13 A o) (T[] (T 560
13.3.2 BSC — Data Bus Width Configuration RegQiSter............coucuuuiiiiiiiiiiiieiiiiee e 561
13.3.3 DEC — Data Endian Configuration REeQISLEr ..........ccceeeeiiiiiiiiie e e e 562
13.3.4 DWC — Data Wait Configuration REQISTEN .........ccouuiiiiiiiiiiiiie e 563
13.3.5 DHC — Data Hold Wait Configuration REQISIEN .......cccceieieiiieeiieiieeeeeeeeeeee e 564
13.3.6  AWC — Address Wait Configuration REJISIEr ..........cccoiiuiiiiiiiiiiiiiie e 565
13.3.7 ICC — Idle Cycle Configuration REQISIEN .........cceieiiiiiieee e e e e e e 566

R B S U ox 1T 1R 567
13.4.1  BUS CONLIOI FUNCHIONS ..coeeiie ittt e e et e e e e e e e e e s s st e e e e aeeesessnnnnrnnnneeeees 567



13.4.1.1  Chip Select OUtpUt FUNCHION ......cccoeiiiiiecee e 567

13.4.1.2  BUS SizZiNG FUNCLON.......ciiiiiiiiiiiiiiiie ettt 568
13.4.1.3 Data Endian Setting FUNCHON...........cccoiiiiiiiiiiiiice e 568
R R o VY V1 U o 1 o PR TSP 569
13.4.2.1 Programmable Data Wait FUNCHON ..........cooeiiiiiiiieiiicie e 570
13.4.2.2  External Wait FUNCHON .........oiiiiiiiiie ettt 571
13.4.2.3 Data Hold Wait FUNCLION ........oiiiiiiiiiiiio e 572
13.4.2.4 Address Setup Wait and Address Hold Wait Functions .............c.cccooveccvvvvinnennnnn. 573
13.4.2.5 1dle INSErtion FUNCHION .........uiiiiiiiiiiii ettt e e 574
13.4.3  Memory ConNECtion EXAMPIE ......coooiiiiiiiiiiiiiee e 575
13.4.3.1 SRAM CONNECLION EXAMPIE....uuuuiiiiei i e e e e e e e e e e e eeeeeeaeaneens 575
13.4.4  Dat@ ACCESS FIOW....eeiiiiiiiiieiiie ittt ettt e e e e e e e e et e e e e e e e e e e e e e annennneeeee s 576
13.4.4.1 Data Flow for Byte Access (for Reading and Writing) .........cccceeviiiieeeiiniiinee e 577
13.4.4.2 Data Flow for Half-Word Read ACCESS..........cuiiiiiaiiiiiiiiiiiiiiiiet e 579
13.4.4.3 Data Flow for Half-Word WIite ACCESS.......uuuiriiiiieeeeiiiiieiiiieiie e e 582
13.4.4.4 Data Flow for Word REAA ACCESS .....c.oiuviiieeiiiiiiie ettt et 585
13.4.4.5 Data Flow for Word WIEE ACCESS .......cccuuiiiiiiiiiiiee ettt 590
Section 14 Clocked Serial Interface G (CSIG)......ccoeeeeeeiiiiiieeeecees e, 595
141  Features Of RHB50/FLL CSIG ...ccciiiiiiiiiiiiiiiiee ettt ettt e sttt e e e sttt e e e e st e e e e e snnbeeeeeeanes 595
s O O 10T 4 7= o 1 T PSP 595
14.1.2  ReQISIEr BASE AUUIESS .. uuuuiiiiii e e e e e e e e e e e e et et e e e e e a e s 595
L14.1.3  ClOCK SUPPIY .ttt ettt e bbbt e e sttt e e s bbb e e e s nnneeeens 595
14.0.4  INTEITUPE REQUESTS ...ttt e e e e et e e et et r e e e e e aabn e e e e eaba e eaaaes 596
I I LT S0 T [ o = R 596
14.1.6  External INPU/OULPUL SIGNAIS.........uuuiiiiiiiiiiee e 597
14.1.7 Data ConsisteNCY ChECK .......ceeeiiiei e s 597
o © Y= 1 PR 598
14.2.1  FUNCHONGI OVEIVIEW ...ttt ettt et e e e e e e e e e et e et e e e e e e e e e e s aaannneebeeeeaeeaens 598
14.2.2  Functional OVervieW DESCIPLION ......uuiiiiiiiiee ettt e e e e e e e e e e enneeeeeees 598
14.2.3  BIOCK DIBGIAM ...eiiiitiiiiieiitte ettt e st e e s bt e e e st e e s s e e e e e aannneeeeas 599
G B R To | 1 (=] = T TP PPPPUUTPPPN 600
I A I 1S3 A o) (=T ] (T 600
14.3.2 CSIGNCTLO — CSIGN Control REGISLEN O........eeveiiiiiiiiiiiiiieie et 601
14.3.3 CSIGNCTL1 — CSIGN Control REQISIEN L.....uuuiiieieiii e 602
14.3.4 CSIGNCTL2 — CSIGN CoNntrol REQISLEN 2........coiiiiiiiiiiieiiiiiee et 604
14.3.5 CSIGNSTRO — CSIGN Status ReQISIEr O.......ccvvuiuiiiiiieieieee e 605
14.3.6 CSIGNSTCRO — CSIGn Status Clear REgIStEr O .......ccooiuiiiiiiiiiiiie e 607
14.3.7 CSIGNBCTLO — CSIGn Rx-Only Mode Control Register O...........ooovvvvviviiiiiiiiiiieie e, 608
14.3.8 CSIGNCFGO0 — CSIGn Configuration REgISIEr O ........coviuuiiiiiiiiiiiiie s 609
14.3.9 CSIGNTXOW — CSIGn Transmission Register O for Word ACCESS .........uvvvvviciiiiiieeeeeennn, 611
14.3.10 CSIGNTX0OH — CSIGn Transmission Register 0 for Half Word Access.........ccccovvieeeenne 612
14.3.11 CSIGNRX0 — CSIGn Reception REQIStEr O......ccceieieie e e 612
14.3.12 CSIGNEMU — CSIGn EMulation REJISTEN ........ccciiiiiiiiiiiiiiiiee e 613
14.3.13 LISt OF CABULIONS .....utteeeiiiiieeeeee ittt e ettt e e e e e e e e e s st bbb et e et e e aeeeeesaannanbneeeees 614

144 INTEITUPE SOUICES ....iieiiiiieeeee ittt e ettt e e ettt e e e et ettt s e e e et et e e e e e e eb b s e e e eesba e e eeeeesbannaeeaees 615



I R 1 o1 (=T U] oA D= - R 615

14.4.2 INTCSIGTIC (Communication Status INTErrUPL) ........eeveeiiiieiieeiiiieee e 616
14.4.3 INTCSIGTIR (Reception Status INtEITUPL) .....vvvereeiiieie i e e eee e e 617
14.4.4 INTCSIGTIRE (Communication Error INterrupt) .........eeeeiiiiiiieiiiiiiiie e 617
T @ = = 111 o RO PUPURTRPR 618
1451 MaSLer/SIAVE MOUE.....cooi ittt e e e e e e e e e s ennbeaeee s 618
I 300 0 R | - 1= (=T gl 1Y o o [ PO 618

14.5.1.2  SIAVE MOE ....oveiieiiiieiie e et e e et 619

14.5.2  MasSter/SIave CONNECHIONS. ........oi ittt e e e e e e e e e e e e e e e e e e e s e s sennnnnbeeeeees 620
145.2.1 One Master and ONE SIAVE.........c.ueiiie it 620

14.5.2.2 One Master and MUItiple SIAVES ...........ccuuiiiiiiiiiiii e 621

14.5.3  Transmission ClIOCK SEIECHION .......cc..uuiiiiiiiiiiiee e e e e e e e e e ennees 622
1454  Data Transfer MOUES ..ottt e e e e e e e e eee s 623
14541 TranSMit-ONlY MOOE ......coiiuiiiiiiiiiiie e 623

14.5.4.2 ReCEIVE-ONIY MOUE......uuiiiiiiiiiiiiie e e e e e e e e e e s s b raeees 623

14.5.4.3  TranSMIt/RECEIVE MOUE ......oeeiiiiieiiiiiiie e 623

1455 Data Length SEIECHON ......cooiiiiiiie et 624
14.5.5.1 Data Length Selection without Extended Length ..............coviiiiiiiiiiiiieeeeee 624

14.5.5.2 Data Length Selection with Extended Data Length............cccccovviiiiiiiiniiiineeininen. 624

14.5.6  Serial Data Direction Selection FUNCHON ...........oooiuiiiiiiiiieiie e 626
1457 Communication iN SIAVE MOUE.........coiiiiiiiiiee e 627
14.5.8 HaNdShaKe FUNCLION........coiiiiiiiieieee e e e e e eeee s 628
14.5.8.1  SIAVE MOUE ...coiiiiiiiieii ettt e e e e et e e e e e e e e e e e e 628

I A V= 11 1= 1V o To [T PU PR 629

14.5.9  LOOP-BACK MOUE ....oeiiiiiieeeiee ettt et e e ettt e e e e e e e e e e e e e nnnbnbbeeeee s 630

I T O = g (o] g 1< =Tt 1o ] o [ PRSPPI 631
14.5.10.1 Data ConsSiStENCY CNECK .......uuuuiiiiiii e e e e e e e e e e e e e e 631
14.5.20.2 Parity ChECK ..ot 632
T14.5.20.3  OVEIMTUN EITON ..ttt e e e e et e e e e e e e e annbn e 632

14.6  OPerating PrOCEAUIES. ......ccoi ittt ettt e ettt e e e ettt e e s s aabe e e e e e sabeeeeeeaaes 634
14.6.1 Master Mode Transmission/Reception By DMA ... 634
Section 15 Clocked Serial Interface H (CSIH) ........ccoooiiiiiiiiiicieee e, 636
15.1  Features Of RHBS0/FLL CSIH....ccoiiiiiiiiiiiiie ettt e e e et e e e e enbe e e e e e nees 636
15.2.1  NUMDBEE Of UNIES .ttt ettt e e s e e e st e e e e anneaeeas 636
15.1.2  ReQISter BASE AGUIESS ... .ottt et e e e e e e e e ettt e e e e e e e e e e e e e e nnnbebeeeeeeeaaas 637
T80 O T O o o] QU o] ] R 637
15.1.4  INTEITUPT REQUESTS ...ueteieiee ettt e e e e e e e e e e e et et et e eebe b bbb a e e e e e e aeeeas 638
15.1.5  RESEE SOUIMCES ...oeitiiitiiiee ettt ettt ettt e e e e e e e e e e e e et e e e e e ee e e e r e n e r e e e e e e e es 638
15.1.6  External INPUt/OULPUL SIGNAIS.........oiiiiiiiiiieiiiiiiie et 639
15.1.7 Data ConsistenCY ChECK ........c..uuiiiiiiiiii e 640
T2 @ Y=Y 11V R 641
15.2.1  FUNCHONAI OVEIVIEW ..ottt e ettt e et e e e e e e e ee sttt e eeeaaeeeesaannnnsnnneneeeeeeens 641
15.2.2  Functional Overview DeSCIPLION ..........oouuiiiiiiiiiie e a e e e e aae e 642
15.2.3  BIOCK DIBGIAM ..coiiiitiiiiie ittt ettt e ra bttt e e sttt e e e sasbe e e e s saabe e e e e e nnreeeean 643

TR T S (=T o |51 (=] £ TP PP PP P PP PPPRPPPPPPPN 644



T 0 A I 1) A o) (T[] (=T 644

15.3.2 CSIHNCTLO — CSIHN Control REGISIEr O ......cieiiiiiiiieiiiiiiee et 645
15.3.3 CSIHNCTL1 — CSIHN Control REQISLEr L......ccvvviiiiiiiiiiii e 646
15.3.4 CSIHNCTL2 — CSIHN CoNtrol REGISIEr 2 ......ciiiiiiiiiieeiiiiee e 648
15.3.5 CSIHNSTRO — CSIHN Status RegISter O ........cccveuiiiiiiiiiiiiie e 650
15.3.6 CSIHNSTCRO — CSIHnN Status Clear ReQISter O.........ccovuuiiiieiiiiiiiee e 654
15.3.7 CSIHNMCTLO — CSIHn Memory Control RegiSter O.........ccceeveviiiiiiieeeieeeee e 655
15.3.8 CSIHNMCTL1 — CSIHN Memory Control RegiSter L..........ccouiiiiiieiiiiiiiie e 656
15.3.9 CSIHNMCTL2 — CSIHn Memory Control REQIStEr 2......cccoeeeiiiiiiieeeeeeee e 657
15.3.10 CSIHNMRWPO — CSIHn Memory Read/Write Pointer Register 0...........ccccoovvveeeeiniinenen. 659
15.3.11 CSIHNCFGx — CSIHn Configuration ReQISIEr X........cccveiiiiiiiiieeeeeee s 661
15.3.12 CSIHNTXOW — CSIHn Transmit Data Register O for Word ACCESS .........coocvveeeerriinnenen. 666
15.3.13 CSIHNTX0H — CSIHn Transmit Data Register 0 for Half Word AcCesS.......cccceveeeieeeennnn. 668
15.3.14 CSIHNRXOW — CSIHn Receive Data Register O for Word ACCESS ........ccoovvvveeeeiniinneeenn. 669
15.3.15 CSIHNRX0H — CSIHN Receive Data Register 0 for Half Word ACCESS ........ccceeeeeeiernnnn. 670
15.3.16 CSIHNEMU — CSIHN Emulation REQISTEN ........cciiiiiiiiiiiiiiiiie e 670
15.3.17 CSIHNBRSy — CSIHn Baud Rate Setting Register y (y =010 3)....ccvvvrvrrirrvrviiiiiiiiieeeennn, 671
15.3.18 LISt Of CAULIONS .....uutieiiiiiieeeeeeis ittt e e e e e e e e s et e e e e e aeeeesess s s st anaeeeeeeeaeeeeesaanannrneeeeees 672
INTEITUPTE SOUICTES ... ..ttt oo oo oo e oot e ettt ettt te bbb e e s e e e e e e e e e e e eeeeeeeeasantbnbensbennnnnnns 674
T S R © Y1 V1 PP PRSPPI 674
T S 1 01 (=Y ¢ {0 o1 D=1 =Y 675
15.4.3 INTCSIHTIC (Communication Status INEerruPt) ..........ceeviiiereiiiiiiiieeee e 675
15.4.3.1  INTCSIHTIC in DireCt ACCESS MOUE ......cuviiiiiiiiiiiee e 676
15.4.3.2 INTCSIHTIC IN FIFO MOUE ...cceeiiiiiiiee ettt e e e 677
15.4.3.3  INTCSIHTIC iN JOD MOUE......ciiiiiiiiiiie ittt 678
15.4.4 INTCSIHTIR (Reception Status INtEITUPL) ....vuvieeiieeee et e e e e ee e e e 679
15.4.4.1 INTCSIHTIR in Direct ACCESS MOUE ........coeiiiiiiiiiiiiiiiiee e 679
15.4.4.2 INTCSIHTIR in Dual Buffer MOE ........ccceviiiiiiiiiiiee e 680
15.4.5 INTCSIHTIRE (Communication Error INTEITUPL) .......eeveeeiiiieriiiiiiiiiiie e 680
15.4.6 INTCSIHTIIC (Job Completion INTEIIUPL).......vveiie i 681
(@] 01T =1 110 o I PO TP PP P PPUPPPRPON 682
15.5.1  Operating Modes (MASLEITSIAVE)........eeeiiiiiiiiiiiiiiieie et 682
TR 700 0t R - 1 (=T g 1Y o o [ PSP 682
15.5.1.2  SIAVE MOUE .....oeiiiiiiiiiiee e 683
15.5.2  Master/Slave CONNECHIONS. .......ociieiiiiiiiie ettt e e e e e e e e e e e e e e e e e e e e e s snenneeeeeees 684
15.5.2.1  One Master and ONE SIAVE.........cceeeiiiii it e e e e e e 684
15.5.2.2 One Master and MUItiple SIAVES ..........cccuiuiiiiiiiiiae e 684
15.5.3  Chip Selection (CS) FEALUIES.......cciiiiiiiiiieiiiiiiee ettt et s e s 686
15.5.3.1  Configuration REQISIEIS........uuutuiiiiii i e e e e e e e e e e e ee e e e aaeaaanns 686
15.5.3.2  CS EXAMPIE ..ottt e e e 688
TR T0C T TN o o T @0 o To =T o | AP 688
15.5.4  Details of Chip SeIECE TIMING ....uututiiiiiiiiiiiie e 689
15.5.4.1 Changing the CIOCK PhaSe.........cooouiiiiiiiiiii e 689
15.5.4.2 Changing the Data PhaSe ..........ccceeeiiiiiiiiiiieiiece et 690
1555  Transmission ClOCK SEIECHION ...........uuuiiiiiiiiiiiee e e e e 691
15.5.6  CSIH BUFfEI IMEIMOIY ..ooeieeeii ettt ettt e e e e e e e e e e e et ae e e e e e aaee e s e s snnnnnrenaneeees 693

15.5.6.1 FIFO MOUE ..ottt ettt e et e e e e e e e 693



15.5.6.2  DUAI BUFFEI MOGE ....couniiiiiei et et e et e e et e s rea e aes 694

15.5.6.3  Transmit-Only BUffer MOGE ...........uviiiiiiiiiiie e 694
15.5.6.4  DIreCt ACCESS MOUE ......ooiiiiiiiiiiie ittt ettt e e e s st e e e e e snbaeeeeeennes 694
15.5.7  Data Transfer MOUES.......cooo it e e e e e e e 695
155.7.1  TransSmit-ONlY MOOE ......cooiuiiiiiiiiiiie et e 695
15.5.7.2  ReCEIVE-ONIY MOUE......uuiiiiiiiiiiiiieee e e e e e e e e e e e e e s e annreeeeees 695
15.5.7.3  TranSmit/RECEIVE MOUE ......eiviiiiiiiiiiiiiei e e e e 695
I5.5.7.4  SUMMEIY ..tiiiiiiiiiiee ettt e et et e et e e e e e e s e e e et e e e e e e e e e s s s rneeeee s 695
15.5.8 Data Length SElECHON .......cccueiiiiii e 696
15.5.8.1 Data Length from 210 16 BitS..........eeeeiiiiiiiieiiiiiee et 696
15.5.8.2 Data Length Greater than 16 BitS...........cccooiiiiiiiiiiiiecccsre e 697
15.5.9 Serial Data DIreCtion SEIECHION ........euiiiiiiiiiee e e e e 699
15.5.10 Slave SelecCt (SS) FUNCLON.........ccoiiiiiieieeeeee e e e e e e e et eeeaeeeas 700
15.5.10.1 Communication Timing USiNg SS FUNCHON.........ccciiiiiiiiiiiiiiiiiiiee e 700
15.5.10.2 CSIHTSSO OPEIALION ...cceiuitiieeeeiiiiiee e ettt e ettt ettt e e e e s bbre e e s e abbeeae s enees 701
15.5.11 HandShake FUNCHON. .......coiiiiiiie et e e e e e ee s 702
TR 100 I 0 R = 1Y = 1Y o o = RPN 702
15.5.11.2 MASIEI MOAE .....vviiieiiiiiiie ettt e e st e e e et bee e e s e eeee 705
15.5.12  EXrOr DEEECHON ...ttt ettt et e e e e e e e s e e e bbb bt e e e e e e e e e e e e e annneeeaeas 706
15.5.12.1 Data ConSiStENCY CHECK ........cciiiiiiiiiiiiiii e 706
15.5.12.2 Panty CRECK .. .uuiii ittt e e et e e e e e nneeas 708
15.5.12.3  TIME-OUL EFTOF ..oiiiiiiiieiiie ettt ettt et e e e e e e s e et e e e e e e e e e e e e annnneneeees 709
15.5.12.4  OVEITIOW EFTOT ..viiiieiiiiiiiie ettt e e et e e et e e e e e 710
15.5.12.5 OVEITUN ETOC .ot e e e e e e e e e e e e e eeeeerennrnees 712
15.5.13 LOOP-BACK MOUE ....coiiiiiiiiiieiiiteiee ettt e s e e e s annee s 715
15.5.14 CPU-Controlled High Priority Communication FUNCLION ...........ccccoeeiiiiiiiiiiccee 716
15.5.15 Enforced Chip Select Idle SEttNg.........ueeiiiiiiiiiieiiiie e 719
15.6  Operating PrOCEAUIES. ...........cciiiiiiiiiii e 720
15.6.1  Procedures in DireCt ACCESS MOUE .....oooiiiiiiiiiiiee et 720
15.6.1.1  Transmission/Reception in Master Mode when Job Mode is Disabled................. 720
15.6.1.2 Transmission/Reception in Master Mode when Job Mode is Enabled.................. 722
15.6.2  Procedures in Transmit-Only Buffer MOGe .........coocuiiiiiiiiiiiii e 724
15.6.2.1 Transmission/Reception in Master Mode when Job Mode is Disabled................. 724
15.6.2.2  Transmission/Reception in Master Mode when Job Mode is Enabled.................. 726
15.6.3  Procedures in Dual BUfer MOOE .......ccoviiiiiieiiii e 728
15.6.3.1  Transmission/Reception in Master Mode when Job Mode is Disabled................. 728
15.6.3.2  Transmission/Reception in Master Mode when Job Mode is Enabled.................. 730
15.6.3.3  Transmit/Receive in Slave Mode when Job Mode is Disabled..................cccceee.... 732
15.6.4  Procedures iN FIFO MO .........eeiiiiiiiiiiiii ettt 734
15.6.4.1  Transmission/Reception in Master Mode when Job Mode is Disabled................. 734
15.6.4.2  Transmit/Receive Mode when Job Mode is Enabled in Master Mode .................. 736

15.7 Detection and Correction of Errors in CSIHN RAM ...t 738
15.7.1 ECCTorthe CSIHN RAM ...ttt e e e e e e 738
15.7.2  INTEITUPE REQUESTS ...ttt e et e e e et e e e e e e bb e r e e e e eaba e eaeaes 738
15.7.3 ECCCSIHNCTL — CSIHN ECC CoNtrol REGISIEN ........coiuiiiiieiiiiiieee e 739
15.7.4 ECCCSIHNTMC — CSIHn ECC Test Mode Control Register............ouvvvviviiiiiiiiiiieeeeeeenn, 741

15.7.5 ECCCSIHNTED — CSIHn ECC Encode/Decode Input/Output Replacement Test
YCTo ] (= PP P T UPPPPPRPOPPPRN 743



15.7.6 ECCCSIHNnTRC — CSIHn ECC Redundant Bit Data Control Test Register.................... 744

15.7.7 ECCCSIHNSYND — CSIHn ECC Decode Syndrome Data Register..........cccccvevvineennn. 744

15.7.8 ECCCSIHNHORD — CSIHn ECC 7-Bit Redundant Bit Data Hold Test Register ............ 745

15.7.9 ECCCSIHNECRD — CSIHN ECC Encode Test RegISter........ccuuvviiiiiiiieiiiiiiieeee e 745
15.7.10 ECCCSIHNnERDB — CSIHn ECC Redundant Bit Input/Output Replacement Buffer

L (ST (= SO 746

15.7.11 SELB_READTEST — ECCREAD Test Select RegiSter.........ooccuuveiiiiiiiiieiiiiiieee i 747

Section 16 LIN Master Interface (RLIN2).......cccoiiiiiiiiiieeeee e 748

16.1 Features of RHB50/FLL RLINZ ........ciiiiiiiiiiie ittt ettt et 748

16.1.1  Number of Units and ChanNElS ... 748

16.1.2  REQIStEr BASE AGUIESS.....cc ittt eee e e e e e e s ettt e et e e e e e e e e s st r e e e aaeeeesseannnnrnrrnaeeeeeees 749

T O T @1 o Tod LS U ] ] PR TT TR 749

16.1.4  INEITUPE REQUEST ...t e e ettt e e et et e e e e e e tb e e e e eeabaaeeaaees 749

L16.1.5  RESEE SOUIMCES ....etttuituiaae it e e e e e ettt ettt ettt bttt et e e e e e e e e e e e e e e aaaeeeeeeeeesssbebbbb e e e e e e e aeaaeeas 750

16.1.6  External INPU/OULPUL SIgNAIS.........uuviiiiiiiiiieeee e e e e s e e e e e e e e s s e nnnreneeees 750

T © Y= 1 R 751

16.2.1  FUNCtional OVEIVIEW .........coiiiiiiiiiiii i s 751

T2 = 1 (o Tox [ T Vo | - Vo o RSP 752

TR TR = (=T 115 (=1 £ USRI 753

16.3.1 LISt Of REGISEIS ... .eiiiiiiiitiiiie ettt ettt e e e st e e e s aaneeeeeas 753

G I €1 o] o = I =T o LS =T 755

16.3.2.1 RLN24nGLWBR / RLN21nGLWBR — LIN Wake-Up Baud Rate Select Register 755

16.3.2.2 RLN24nGLBRPO / RLN21nGLBRPO — LIN Baud Rate Prescaler O Register...... 756

16.3.2.3 RLN24nGLBRP1/RLN21nGLBRP1 — LIN Baud Rate Prescaler 1 Register...... 757

16.3.2.4 RLN24nGLSTC / RLN21nGLSTC — LIN Self-Test Control Register ................... 758

16.3.3  ChannNel REQISIEIS ...ccoiiiiiiiie ettt e ettt e e e e e e e e e s e e anebabneaeeeas 759

16.3.3.1  RLN24nmLiMD / RLN21nmLiMD — LIN Mode RegiSter.........ccccviveeiniiiireeennine. 759

16.3.3.2 RLN24nmLiBFC / RLN21nmLiBFC — LIN Break Field Configuration Register.... 760

16.3.3.3 RLN24nmLiSC / RLN21nmLiSC — LIN Space Configuration Register ................ 761

16.3.3.4  RLN24nmLiWUP / RLN21nmLiWUP — LIN Wake-Up Configuration Register..... 762

16.3.3.5 RLN24nmLilE / RLN21nmLilE — LIN Interrupt Enable Register ............cccccovveenns 763

16.3.3.6 RLN24nmLiEDE / RLN21nmLiEDE — LIN Error Detection Enable Register........ 764

16.3.3.7 RLN24nmLiCUC / RLN21nmLiCUC — LIN Control Register............cccccuveeeernnnnnn. 766

16.3.3.8 RLN24nmLiTRC / RLN21nmLiTRC — LIN Transmission Control Register.......... 767

16.3.3.9 RLN24nmLiMST / RLN21nmLiMST — LIN Mode Status Register ..........cccccceee... 768

16.3.3.10 RLN24nmLiST / RLN21nmLiST — LIN Status Register .........cccocvvveeirniiiineennnnnn 769

16.3.3.11 RLN24nmLIiEST / RLN21nmLIiEST — LIN Error Status Register.............ccccvvvveee.. 771

16.3.3.12 RLN24nmLiDFC / RLN21nmLiDFC — LIN Data Field Configuration Register ..... 773

16.3.3.13 RLN24nmLilDB / RLN21nmLiIDB — LIN ID Buffer Register...........ccccovevevreernnnen. 775

16.3.3.14 RLN24nmLiCBR / RLN21nmLICBR — LIN Checksum Buffer Register ................ 776

16.3.3.15 RLN24nmLiDBRb / RLN21nmLiDBRb — LIN Data Buffer b Register .................. 777

16.4  INLEITUPLE SOUICES .....iiiiiiiiiiieeitit et e s e e e e e e e e e e e e e ettt et e eeeebebab e b s e s s e a2 e e e e eeaeaeaeeeeeeesssnssnbnnnbnnnnnnes 779

ST ST |V T To [ PR PP 780

16.6  LIN RESEEIMOUE ...ttt ettt et b et e e bt e sb e e nab e n e e nanes 782

16.7  LIN OPEration IMOUE .......veiiieiiiiiiie ettt e ettt e e e s st e e e e e s nb bt e e e e s abbeeeeessbeeeeenanes 783



16.8  LIN WAKE-UP MOE ..ottt ettt ettt e s e e e e e e e e e e e e e e e e e e e e eaesraenbn i nrnnnnnns 783

16.9 Header Transmission/Response Transmission/Response ReCEption.........cccvvvevveeeeeeeeiiiiiiinnnns 784
16.9.1  Header TranSIMISSION ......uueiiiiiiiieieeeiitietee sttt e e sttt e e e sttt eee e ssbae e e e s snaeeeeeesnnbeeeeeesnneeeeeas 784
16.9.2  RESPONSE TIANSIMISSION .....eviieiiiiiiieeeitteeee e ettt e e st e e e sttt e e s atbe e e e e ssbb e e e e snnnn e e e e s annreeeas 785
16.9.3  RESPONSE RECEPIION .ooviieeee ittt e e e e e e e e st r e e e e e e e e e s s e s nnnntnraeaeeees 786

16.10 Data TranSmMIiSSION/RECEPLION. .....coiuuiiiiiiiiiiiiee ettt e e e sib e e e e sebeeeesaees 787
16.10.1 Dat@ TranNSMISSION. .....ueeiieiieiiae ettt et e e e e e e e e e s et e bt eeeeeaaaeaaeaaaannnbaeeeeeeaeaaeeaesaaaannnreaeaeas 787
T K0 T2 D - L = B = =T oT= o) (o) o PSS 788

16.11 Transmission/Reception Data BUfEring ..........ueeeiiiiieeiiiiiiiiieie e e e 789
16.11.1  TransmisSion Of LIN FIAmMES ......cuiiiiiieiiii ittt e e n e e e e e e e e e s e nnnnenenaneeeee s 789
16.11.2 Reception Of LIN FIamMES........ccooiiiiiiiiiiieiiiiei s s e ee e s e e e e aaeaeeas 790

16.12 Wake-Up TransmiSSION/RECEPLION ......ccoiiii it e e e e e e e e s e e e e e e e e e e s e eaneees 791
16.12.1 WakKe-UpP TranSMISSION .....ccciii ittt eer e e e e e e s s e s st e e e e e e e e e e s s s st aa e e e e e eaeeessessnnnsnnaeneeees 791
16.12.2  WaKE-UP RECEPLION ...veeiiiiieeeee ittt ettt e e e e e e s e e ettt e e e e e e e e e e e e s snnnbrnaeeeeens 792
16.12.3 WaKe-UP COllISION ..uiiiiiiiiec i e e e e e e e e e e e e e e e e e s s s e anrrnraeaeee s 792

G B T - LU USSR 793

G S 4 (o] g = LU S T PP UUPPPPRPRR 794
16.14.1 TYPES Of EFTOr STAIUSES .....ciiiiiiiiiiiei ittt e e 794
16.14.2 Target Time Domain for Error DeteCtioN ..........cccuvviiiiiiiiieee e e e 795

16.15  LIN Self-TESE MOUE... .ottt ettt e e e e e e s e s e e e e e e eeeeeeesaansnsetnnteneeeneeesansannnnnns 796
16.15.1 Transition to LIN Self-TeSt MOUE.........ccuviiiiieeiii i 797
16.15.2 Transmission in LIN Self-TeSt MO ..........coooiiiiiiiiiie e 798
16.15.3 Reception in LIN Self-TESt MOUE........ccuiiiiiieei it 799
16.15.4 EXitiNg LIN SeIf-TESt MOUE........coeiiiiiiiiiiie ittt e sibaee e e st e e e e s atraeee e 800

16.16 BaUA RAIE GENEIALON. . ..iiiiiiiiiiiiie sttt ettt e e sttt e e e sttt e e e e st be e e e e s sbbeeeaeesbbeeeeesasbbeeeeessnseeeaesanes 801

Section 17 LIN/UART Interface (RLIN3) ......cccuiiiiiiiiiiiieiieeeeee e 802

17.1  Features of RHB50/FLL RLINS ...ttt e e e ettt e e e e e e e s e s e e e e e aeeeeeseanennneeneeees 802
17.2.1  Number of Units and ChanNEIS ..........cooiiiiiiiiiiiiie e e e 802
17.1.2  ReQiSter BaSE AQUIESS . .....oo ittt e et e e e e e e e e e bbb aeeeeae s 803
17.1.3  ClOCK SUPPIY .ttt ettt e bbbt e e s e e e s bbb e e e s anneeee s 803
17.1.4  INTEITUPE REOQUEST ... e e e e e e e e e et e e bbb e e e e e e e eeaeeas 804
A T LT S0 T o == T 804
17.1.6  External INPU/OULPUL SIGNAIS........uuuiiiiiiiiiiiiee i 805

A © Y= Y = PSP PPN 806
17.2.1  FUNCHONAI OVEIVIEW ....cceiiiiiieiie ettt e e ettt e et e e e e e e e e s st eeeeeeeeeeesaannnnnnnsnneeeeeeens 806
A 1[0 Yo QD= Vo [ = o R 810
17.2.3  Terms used in Block diagram ... 810

R T S (=T o 151 (=] T PP PP PPTRPPPPPRPN 811
17.3. 1 LISt Of REQISEIS ... .eieiiiiiiiiei ettt ettt e skt e e st bt e e s aaneeeeeas 811
17.3.2  LIN Master Related REQISLEIS ........uiiiiiiiiiiie ittt e e 813

17.3.2.1 RLN3nLWBR — LIN Wake-Up Baud Rate Select Register..............ccceeevvvvvvennnnns 813
17.3.2.2 RLN3nLBRPO — LIN Baud Rate Prescaler 0 Register.........cccccovvveiieinniiineennnnnn 814

17.3.2.3 RLN3nLBRP1 — LIN Baud Rate Prescaler 1 RegISter.......ccccccvvvveeeeiiiiiiiinrvnnnnn, 815



17.3.2.4 RLN3NLSTC — LIN Self-Test Control REQISter ..........uuiiiiiiiiiieeieeeeeeeeeeeeeeeeeviiiiens 816
17.3.25 RLN3NLMD — LIN MOd€ REQISLEN .....coiiriiieeiiiiiiie ettt 817
17.3.2.6 RLN3nLBFC — LIN Break Field Configuration Register.............cccccoevcvvvvvvvnnnnnn. 819
17.3.2.7 RLN3nLSC — LIN Space Configuration RegiSter............ccueeeeiiieeiriniiiiiiiiiiieeeene. 820
17.3.2.8 RLN3nLWUP — LIN Wake-Up Configuration Register...........ccccccvvreriniiiereennnnnn 821
17.3.2.9 RLN3nLIE — LIN Interrupt Enable RegIStEr........cccceeviiiiiiiiiiiiiiiccee e 822
17.3.2.10 RLN3nLEDE —LIN Error Detection Enable RegiSter..........cccccceeiiiiiiiiiiiiiiiieeneenn. 824
17.3.2.11 RLN3NLCUC — LIN CoNntrol REQISIEN .......cccoiiiiiiieeiiiiiie et 826
17.3.2.12 RLN3NLTRC — LIN Transmission Control RegISter .........cccceevveiiieieeeiieeiiieieeeieiinnns 827
17.3.2.13 RLN3nNLMST — LIN Mode Status RegiSter.......ccccuiiiiiiiiiiiiiiiiiiieiee e 828
17.3.2.14 RLN3NLST — LIN Status REQISIEN .......cciiiiiiiiiiee ittt 829
17.3.2.15 RLN3NLEST — LIN Error Status ReQISIEr ........c.vvvuviviiiiiiiiiiieie e e e e e eeeeeeeeeeeeevanainnns 831
17.3.2.16 RLN3nLDFC — LIN Data Field Configuration RegiSter .........cccccccviviiiiiiiririeennenn. 833
17.3.2.17 RLN3NLIDB — LIN ID BUffer REQISLET .......ccoiiiiiiiieeiiiiiiee e 835
17.3.2.18 RLN3NnLCBR — LIN Checksum Buffer RegiSter ...........ccccceeeeiiiiiiiiieieieeeeeeeeeeeeeiinns 836
17.3.2.19 RLN3nLDBRb — LIN Data Buffer b Register (b0 =110 8) ....ccoeeveeeiiiiiiiiiiiiiiiieeee, 837
17.3.3  LIN Slave Related REQISIEIS .....uuiiiiiiieiiei ittt et s s e e e e e e e e e e e e s e eananeeeeees 839
17.3.3.1 RLN3nLWBR — LIN Wake-Up Baud Rate Select Register..............ccceeevvvvvveennnns 839
17.3.3.2 RLN3nLBRPO1 — LIN Baud Rate Prescaler 01 RegiSter..........ccccveevvriviieeeeininnnn. 840
17.3.3.3  RLN3nLSTC — LIN Self-Test Control REQISter ........c.ccoevvcviiiiiiiiee e 841
17.3.3.4  RLN3NLMD — LIN MOdE REQISLEN ......cciuiiiiiiieiiiieeiiee ettt 842
17.3.3.5 RLN3nLBFC — LIN Break Field Configuration Register...........cccccveerviiiereennnnnn. 843
17.3.3.6  RLN3nLSC — LIN Space Configuration RegiSter..........cccccvvvrrereeeeeeiiiiciiiinineneen. 844
17.3.3.7 RLN3nLWUP — LIN Wake-Up Configuration Register...........ccccccvvrerriiiiereennnnnn 845
17.3.3.8  RLN3nLIE — LIN Interrupt Enable RegiSter.........cccooouiiieiiiiiiieeeiiiee e 846
17.3.3.9 RLN3nLEDE — LIN Error Detection Enable RegiSter.......cccccevvviiiiieeiiieiiiiieieeeiinns 848
17.3.3.10 RLN3NLCUC — LIN Control REQISIEN ........cceiiiiiiieeiiiiiieeeeiiee et 850
17.3.3.11 RLN3nLTRC — LIN Transmission Control Register ...........ccccceviiiiieeiinniieeeenn 851
17.3.3.12 RLN3NLMST — LIN Mode Status RegiSter...........cuvuuiuuiiiiiiiiiiieieeeeeeeeeeeeeeeeeevaiiinnns 852
17.3.3.13 RLN3NLST — LIN Status REQISIEN........cuiiiiiiiiieeiiiiiee et 853
17.3.3.14 RLN3NLEST — LIN Error Status REQISIEN .......uvvviiieeeiiiiiiiiiiieeeeeee e 855
17.3.3.15 RLN3nLDFC — LIN Data Field Configuration RegiSter ..........ccccceeviiiiieeieiieniinennns 857
17.3.3.16 RLN3NLIDB — LIN ID Buffer REQISLEr .......ccoiiiiiiieiiiiiiieeeeiiee e 859
17.3.3.17 RLN3nLCBR — LIN Checksum Buffer Register ...........cccccvvveerieieeee e, 860
17.3.3.18 RLN3nLDBRb — LIN Data Buffer b Register (b =1t0 8) .....ccccceeeieiiiiiieiiiiiiies 861
17.3.4  UART Related REGISIEIS .. .eeiieiiitiiii ettt ettt es 862
17.3.4.1 RLN3nLWBR — LIN Wake-Up Baud Rate Select Register.............cccceeevvvvvvennnnns 862
17.3.4.2 RLN3nLBRPO1 — UART Baud Rate Prescaler 01 RegiSter...........ccccoevvvreeennnnnn. 863
17.3.4.3 RLN3NLMD — UART MOde REQISLEN ......eveiiiiiiiiiieeiiiiiie et 864
17.3.4.4 RLN3NLBFC — UART Configuration REJIStEr..........cccviiieiiiiiiiiiie e 865
17.3.4.5 RLN3nLSC — UART Space Configuration RegiSter...........cccccovviviireiiniiiineennn 867
17.3.4.6 RLN3nLEDE —UART Error Detection Enable Register.........c.ccoocveveeiniiieneennnn 868
17.3.4.7 RLN3nNLCUC — UART CoNntrol REQISIEN .......cciiiiiaeiiiiiiiiiiieiee et 869
17.3.4.8 RLN3nLTRC — UART Transmission Control Register..........ccccoooiivieinniiineeinnnn 870
17.3.4.9 RLN3NLMST — UART Mode Status RegiSter.........cocvuviieiiiiiiiieeiiiiiiee e 871
17.3.4.10 RLN3NLST — UART Status RegISter.......cuuiiiiiiiiieieeaee et 872
17.3.4.11 RLN3nLEST — UART Error Status RegISIEr .........occuviiiiiiiiiiieeeiiieee e 874
17.3.4.12 RLN3nLDFC — UART Data Field Configuration Register ...........ccccccvviiireennninen 876
17.3.4.13 RLN3nLIDB — UART ID Buffer REQISter .........cooeiiiiiiiiiiiiiiiiee e 877



17.4
175
17.6
17.7

17.8

17.3.4.14 RLN3nLUDBO — UART Data Buffer 0 RegiSter...........ccccuvvrireiiniiiiee e 877

17.3.4.15 RLN3nLDBRb — UART Data Buffer b Register (0 =110 8)......cccceveeriiiiieeernnnnn. 878
17.3.4.16 RLN3nLUOER — UART Operation Enable RegiSter.........ccccccvvveeeeeriiiiiicivinnnnenn, 879
17.3.4.17 RLN3NLUOR1 — UART Option RegiSter L.......cccceeeiiiiiiieeiiiiiie et siien e 880
17.3.4.18 RLN3nLUTDR — UART Transmission Data Register ...........ccccoovcivreernniiieeennnn 882
17.3.4.19 RLN3nLURDR — UART Reception Data RegiSter .........ccccvvrereiiieeeeeiiiiiiniveneen, 883
17.3.4.20 RLN3nLUWTDR — UART Wait Transmission Data Register..............ccccuvveveeeeenn. 884
INTEITUPT SOUICES ...ttt e et e e e ettt e s e e e e et r e e e e e e bbb s e e e e et b aeeeeeeeabaneeeaens 885
Y[ o [PPSR PP PPPPPPP 886
[N =TT = 1Y/ o T [ RSO 888

[ 1N 1 o T [ RS PSPR 889
A 0 R I | N 1Y =T 1= YT To L= SRS 892
A O R o =Y Vo (= I T S £ (o) o P 892
17.7.1.2  ReSPONSE TraNSIMISSION . .uuuuuuuuieieieeeeeeeeeeeteeeeeeeetttaietnna s s s eseeeeaaaaeeaseeeesanrnrrnnnnnnn, 893
17.7.1.3  RESPONSE RECEPIION ...eeiiiiiiiiiii ettt e 894
17.7.2  LIN SIQVE MOUE ... .ceeeiieiiiiiiii ettt ettt et e e et e e e sttt e e e sttt e e e s ennbbeeeesaneeeeeas 895
17.7.2.1  Header RECEPHON ...ttt e e e e e e e e e e eebbeeeee s 895
17.7.2.2  RESPONSE TraNSIMISSION ......uviiiiiiiiiiieeei ittt e e sttt e e e sttt e e e s sibb e e e e e e stbbeeeesassbneeeeeanees 898
17.7.2.3  RESPONSE RECEPLION ...cvvviitiiiiiieieie e e e et s s e e e e e e e aeaeaeeeeeeeesannnnen 899
17.7.2.4  NO-TESPONSE REQUEST ....euiiiieieie e e e e ae e e e 900
17.7.3  Data TransmiSSION/RECEPLION ......ccceiiiiiiiiiiiei e se s e e e e e e s e s s e e e aaaaeeeessnnnnnes 901
17.7.3.1  Data@ TranSMISSION ......uuuiiiiiiiiiieeieea e e e ettt e e e e e e e e e e s bbbt e e e e ae e e e e s e s anabeeeeees 901
17.7.3.2  DAta RECEPLION....cceiiiiitiiie ettt ettt e e sb e e e eeee 902
17.7.4  Transmission/Reception Data BUffering ............ccceeeiiiiii i 903
17.7.4.1  Transmission Of LIN FIAMES .....ccooiiiiiiiiiiiieiee et 903
17.7.4.2  Reception Of LIN FIamMeS ........uuuiiiiiiiieei it e e staee e e e e e e e e e snnnnneee s 904
17.7.4.3  Multi-Byte Response Transmission/Reception FUNCHON...........cccccooviiiiiiiiininneen. 905
17.7.5  Wake-up TransmiSSION/RECEPLION. ... ...uiiiiiiiiiiee ittt nneaeee s 906
17.7.5. 1 WakKe-UP TranSMISSION. ... ..uuuuuriiiiiiiieeeeesiiisiiniieeereereeesessssssssanrarerrreeaaesessssnsnnensenns 906
17.7.5.2 WaKe-UP RECEPLION......uiiiiiiiiiiie ettt 907
17.7.5.3  WaKEUP COllISION.....ciuiiiiieiiiiiiie ettt sb e e e 907
L7.7.8 SEALUSES. ...ttt ettt e e e oo oo o2 e e e e e e e e ettt et e e e beba b e bbb e e e e e e e e e e e ea e e e e e eeeas 908
A A S 4 o T g0 = 1L H LS = 910
17.7.7.1  LIN MASIEN MOGE.......coiiiiiiiitieee ettt ettt e e e e e e e e aaneees 910
17.7.7.2  LIN SIQVE MOUE..... .ttt e e e e e e e e e eeees 912

LU AN YT To RSSO 914
L17.8.1  TIANSIMISSION ..ttt et e e e e ettt et e et e e e e e s s bbbt e e ettt e e e e e e s e e s bbbt b e e e e et e eeeeeeanannneneeees 914
17.8.1.1  ContiNUOUS TraNSMISSION ......cvveieeeiieiiiiiiitiieeeereeeeeeessssaanennreeeeeerereaeaeeessssannnneneeseeees 916
17.8.1.2  UART BUffer TranSMISSION.......ccoiiiiiiiieiiiiiiee ettt ee e e e e snbreeeeeeees 917
17.8.1.3  Data@ TranSMISSION .......uuuiiiiiiiiieiieiieeee e e ettt e e e e e e e e e s bbb e e e e e e aeeeeeeaaeaanarnnreees 919
17.8.1.4  Transmission Start Wait FUNCHON ... 920

A S LT 1[0 o 921
17.8.2.1  Dat@ RECEPLON. ...ceiiiiii ettt e e e e e e e e e e e e e nnneeeee e 922
A TR T ¢ o = 10 ] T T = 1 PSR 923
17.8.3.1  EXpansion Bit TranSMISSION .........uuuiiiiiieie e e eeeee e s e e e e e e e e e e e e e aaeeeeaeananns 923
17.8.3.2  EXPansion Bit RECEPLION ........ueiiiiiiiiiiee it 923
17.8.3.3  Expansion Bit Reception (with Expansion Bit Comparison) ..............cccccvvvvvvenenenn. 924

17.8.3.4  Expansion Bit Reception (with Data CompariSoNn) ........cccceeveieieeeeeeeeeieieeeeeeeeviiiinnns 925



A S T 1 1= | (U 1Y 926

R S T o ¢ o ] G = 1L E L 927
17.9  LIN Self-TESE MOUE ... .ttt ettt et e e e e e e e e e e e aenbbesreeeaaaaeeeaaaaannnes 928
17.9.1  Transition to LIN Self-TeSt MOUE ........eeiiiiiiieiiii et 930
17.9.2  Transmission in LIN Master Self-TeSt MOUE ........cccuueiiiiiiiiiiieiiiiee e 931
17.9.3 Reception in LIN Master Self-TeSt MOUE.........c.oo i 932
17.9.4  Transmission in LIN Slave Self-TeSt MOUE ...........cccuviiiiiiiiiiiieiie e 933
17.9.5 Reception in LIN Slave Self-TeSt MOe............ooiiiiiiiiiiiiiiee s 935
17.9.6  EXitiNg LIN Self-TESt MOUE......uuuiiiiiiiiiiiee ettt s s r e e e e e e e e s s eeeeees 936
A O = o T T = (= 1= =T = Lo PR 937
17.20.1  LIN MASEEE IMOGE ...ttt e e e e e e e e e ettt e e e e e e e e e e s annnnbeaeeeas 937
17.10.2  LIN SIQVE MOUE ... .eviiiiiiiiiiiit ettt ettt e e st e e e s ettt e e e s nnaneee e annreee s 938
I O R R U 7Y = I o To [ SRR 939
A o R N [ T T 1 = TP PPURTRRRPR 940
O 2 U Lo F= o T N[0 (=2 SRS TPPPIN 942
17.12.1 NoOte oN LIN MASLEN MOUE ..c.veeiiiieiiiiiiie ettt st e e e s snbbae e e e s snnneeeae s 942
17.12.2 Note on LIN Slave mode (Fixed baud rate) ............cccoiiiiiiiiiiiiiiie e 942
17.12.3 Note on LIN Slave mode (Auto baud rate) ..........cccvveeieiieeeee i 942
Section 18 12C BUS INtErface (RIC) .......c.ueeiueeeiiee e ettt 943
18.1  Features of RHB50/FLL RIC ....cccoiiiiiiiii ittt ettt e ettt e e e e st e e e e s snbbeeeeennnes 943
18.1.1  Number of Units and ChannElS ..........couuiiiiiiiie e 943
18.1.2  REQISIEr BASE AUUIESS .. .uuuiiii i i e e e e e e e e e e e e e et e e e e 943
18.1.3  ClOCK SUPPIY ..ttt ettt e sttt e e s et e e e s bbb e e e e s nnneee s 943
18.1.4  INEITUPE REQUESTS ...ttt e et e e e et e e s e e tab e n e e e e eaba e eaaaes 944

S I LT S0 T [ o = T 944
18.1.6  External INpUut/OULPUL SIGNAIS........coveiiiiiiiiiiiie e e e e e e e aa e 944

S T2 @ AV Y = N 945
18.2.1  FUNCLONAI OVEIVIEW ......iviiiiieiiieiee ettt ettt e ettt e e e sttt e e e s sttt e e e s eabbeeeaessnbbneeeeans 945
18.2.2  BIOCK DIBGIAM ..ceiiiiiiiiieiiite ettt ettt e e s bt e e s st e e s s e e e e e annreeeeas 947
S R T (=T 1] 1T U 949
S A I 13 A o) (=T ] (=T 949
18.3.2 RIICNCR1 — I12C Bus CoNntrol REGISIEr L .......ciiiiiiiiieiiieiesiecie e sie et se et sie e 950
18.3.3 RIICNCR2 — I12C BUS CONMIOl REQISIET 2 .....vviiiviecvieectie ettt st sve e etee e enees 953
18.3.4 RIICNMR1 — I12C BUS MOAE REGISIEN L .....ooiuieiiiieciiecieeiie sttt st ene s 957
18.3.5 RIICNMR2 — I12C BUS MOUE REGISIEI 2 ......eveeieveectee ettt etee e eneas 959
18.3.6 RIICNMR3 — I12C BUS MOAE REQISIEN 3 .....eoivieiiiiieciieiieeie sttt sttt ene s 961
18.3.7 RIICnFER — I2C Bus Function Enable REQISIEr...........ccceveeiieecrieeiee et 964
18.3.8 RIICNSER — I2C Bus Status Enable REJISIEN .........ccccveviiiiiiisie e 966
18.3.9  RIICnIER — I2C Bus Interrupt Enable REQISIEr ........cc.cocveiieeereeieeeee e 968
18.3.10 RIICNSR1 — I2C BUS Status REGISIEI L......cccveiiiiieiieiiieiiiiisieesie e steeste e ssee e asaesraesnes 970
18.3.11 RIICNSR2 — I2C BUS StatUS REQISIEN 2.....c.veiieviiceieiieecee ettt eete e erae v annes 973
18.3.12 RIICNSARyY — I2C Slave Address Register y (Y = 010 2)...c.cccvvvvvereeiesiesienieeieseeseenens 978
18.3.13 RIICnBRL — I2C Bus Bit Rate LOW-LeVel REQISIEN...........ccueecueeieeeerie et 980

18.3.14 RIICNBRH — I2C Bus Bit Rate High-Level REQISEr ..........ccccvvvieviiieiieceee e 981



18.3.15 RIICnDRT — I2C Bus Transmit Data REQISIEN ..........cecevveeveieiieecrieereeseeeeeseeeeree e e 984

18.3.16 RIICNDRR — I2C Bus Receive Data REJISIEN..........cciveiviiiiciie et 985
18.3.17 RIICNDRS — 12C BUS Shift REQISIEN ....vecuviiiiiitiiiiectie ettt ettt 986
S T S [ 01 (=T U] o] B0 1 o 3PP PP PPPIN 987
ST T © ] = - 11T TSR 988
18.5.1 Communication Data FOIMAL...........cuuiiiiiiieieeiisiiie e e e e e e e e e e e e e e s nnneeeeeees 988
S | o 11 (= IS =1 1 11 o 989
18.5.3  Master TranSmMit OPEratiON.........cuueiiiiiiiiiieeiiiie ittt s e e e e e e e snbeeeeas 990
18.5.4  Master ReCEIVE OPEIatiON.........cccciiiiiiiiieiiiiereis s e e e e e e e et a e e e e aaaes 994
18.5.5  Slave TranSmit OPEratiON ...........ueieeiiiuiiiieiiiiieee ettt e e st e e s st e e e s annaeas 1000
18.5.6  Slave ReCEIVE OPEIratiON.........ccciiiiiiiiieiiiiiiciee s e e e e e e e e e e e e e e e aaaeas 1003
18.6  SCL SyNcChronization CilCUIt..........cceiiiiiiiiiiiieieeeeeeeee e e s ss st eerrreeeeeeesessnnnsnranrereraaaeeeesesaansnnes 1006
18.7  Facility for Delaying SDA OULPUL ........cccuiiiiiiiiieiee e e e e s r e e e e e e e s s s s e e ereaaeee e s e s e annnnneees 1007
18.8  Digital NOISE-FIltEr CIFCUILS ......veiiiiiiiiiiie ittt e e e e e e s e ee e 1008
18.9  AdAress MatCh DEECHON. ........uuiiiiiiiiiee ettt e e e e e e e s e et ee e e e e e e e e e s e e eeeees 1009
18.9.1  Slave-Address MatCh DEECHION ..........ueiiiiiiii et 1009
18.9.2  Detection of the General Call AQAIESS .......coiiiiiiiiiiiiiie e 1011
18.9.3  Device-ID AdAress DEtECLION .......cc.uuiiiiiiiiiieeee et e e e e e e e snebaeee s 1012
18.10 Automatic LOW-HoId FUNCHON fOr SCL.......cooiiiiiiiiieiei et 1014
18.10.1 Function to Prevent Wrong Transmission of Transmit Data..........cccccceeeeeeeiiiiicniinvnennnnn. 1014
18.10.2 NACK Reception Transfer SUSPension FUNCHON ..........oocuviiiiiiiiiieniniee e 1015
18.10.3 Function to Prevent Failure to Receive Data............c.eeeeeeiiiiiiiiiiiiiiieeee e 1016
18.11 Avrbitration-Lost DeteCtion FUNCHONS. ........cuuiiiieiiiiiiii ettt ee e e snnnaeee e 1018
18.11.1 Master Arbitration-Lost Detection (MALE Bit).........ccuuiiiiiiiiineeiiieee e 1018
18.11.2 Function to Detect Loss of Arbitration during NACK Transmission (NALE Bit)............... 1020
18.11.3 Slave Arbitration-Lost Detection (SALE Bit) .......coocureiieiiiiiiiieiiiiiee e 1021
18.12 Start Condition/Restart Condition/Stop Condition Issuing FUNCLION ..........cccccoevviiiiiieiiniiieenenn, 1022
18.12.1 1SSUING @ StArt CONMITION ...eeeiiiiiiiiiei ittt 1022
18.12.2 Issuing a Restart CONAItION .........evviiiiiiiiiei it e e e e e e 1022
18.12.3 1SSUING @ StOP CONAILION......ceeiiiiiiiiei ittt e e s eanees 1024
18.13  BUS HANGING ..eeitiiieeeieiiiiit ettt ettt et e e e e e e e e s sk bbbt e e et e e e e e e e e e e s e s s nnbbebeeeeeeaaaaeesaaannnnrnnes 1025
18.13.1  TIMEOUL FUNCHON .....eiiiiiieeeie ittt ettt e e e e e e e s e ekt e e e e e e e e e e e e aannbnbeeaeeeas 1025
18.13.2 Extra SCL Clock Cycle OUtput FUNCHION...........uuiiiiiiieiie e e e 1027
18.13.3 RIIC Reset and INternal RESEL..........ueiiiiiiiiiiiai e 1028
18.14 Reset FUNCLON Of RIIC ......uiiiiiiiiiiee ettt e e e e e e e e e ie e 1029
Section 19 CAN Interface (RS-CAN) ...oouuiiuiiiieiiii et e e e e e e e e eeeeeeeaenenes 1031
19.1 Features of RHB50/FLIL RS-CAN ....ouuiiiiiiiiiiiiee e e ettt er e e e e e e e e s e s s et eee e e e e eaeeeee s s annnneeneeees 1031
19.1.1  Number of Units @and ChannElS ..........cooiiieiiiioiii e 1031
19.1.2 RegiSter BasSe AQUIrESS......ccoiiiiiiiieieie ettt e e e e e e e e e e e 1032
19.1.3  ClOCK SUPPIY ..ttt ettt e et e et e e s e b e e e eabaeas 1033
19.1.4  INtEITUPE REOQUESTS ...eeteit et e e e e e et et et et e e et 1034
T T LT S0 1 o = 1035

19.1.6  External INpUt/OULPUL SIGNAIS........covviiiiiiiiiieeie e e e e e e 1035



L9.2  OVEIVIEW ...ttt ettt ettt e ettt e e oottt e e s oaE et e e e e ek R et e e e e b e et e e e e E e et e e e n e e e e n e ee e 1036

19.2.1  FUNCLONAI OVEIVIEW ......iviiiiie ittt ettt ettt e e st e e s sttt e e e e snbbbe e e e s annnneeas 1036
B =1 (o ol [ BT To | = Vg PR TR 1038
TR N = (= To |1 =] = TR URR TR 1039

LS 0 A I 1) A o) (=T [5] (=T 1039
19.3.2 RSCANOCMCFG — Channel Configuration Register (M =010 5)......cccevveiiiiiiineiinnnnn. 1073
19.3.3 RSCANOCMCTR — Channel Control Register (M =010 5)......cccivvrrrrirririiiiiiiiiiie e, 1075
19.3.4 RSCANOCMSTS — Channel Status Register (M =010 5) .....coovvriieiiiiiiiieeeiiieeeee 1079
19.3.5 RSCANOCmMERFL — Channel Error Flag Register (M =01t05) .....ccovvvvrrrvrrvrniiiieieeennn. 1081
19.3.6 RSCANOGCFG — Global Configuration REQIStEr.........coccuviiieiiiiiiiee e 1085
19.3.7 RSCANOGCTR — Global Control REQISIEr .......ccceiiiiiieeeeeiieceee e 1088
19.3.8 RSCANOGSTS — Global Status RegISTEr........coiiuiiiiiiiiiiiiee e 1090
19.3.9 RSCANOGERFL — Global Error Flag RegISter........cccoieeeiieiiiiieeeeee s 1091
19.3.10 RSCANOGTINTSTSO — Global TX Interrupt Status Register O..........cccceeeeriiiieeeennnnn. 1093
19.3.11 RSCANOGTINTSTS1 — Global TX Interrupt Status Register 1.........cccccccvvviiiiiiinereeeenn. 1096
19.3.12 RSCANOGTSC — Global Timestamp Counter REQISLEr .........coovvvireiiiiiiiie e 1098
19.3.13 RSCANOGAFLECTR — Receive Rule Entry Control Register ..........cccoovvvvviivvvviieeinennn. 1099
19.3.14 RSCANOGAFLCFGO — Receive Rule Configuration Register O ..........ccccovvvieeeeininnnen. 1100
19.3.15 RSCANOGAFLCFG1 — Receive Rule Configuration Register 1..............ovvvvvvveieenennnnn. 1102
19.3.16 RSCANOGAFLIDj — Receive Rule ID Register (j = 010 15) ....cccuveeeiriiiiieeeiiiiieee e, 1103
19.3.17 RSCANOGAFLMj — Receive Rule Mask Register ( = 0t0 15)......ccocvvrirrrvvvriiiiiineneeennn. 1105
19.3.18 RSCANOGAFLPOj — Receive Rule Pointer 0 Register (j = 0t0 15) .....cceveevviivereennnnn. 1106
19.3.19 RSCANOGAFLP1j — Receive Rule Pointer 1 Register = 0t0 15) .....vvvveeeiiiiiieneeeennn. 1108
19.3.20 RSCANORMNB — Receive Buffer Number RegiSter...........coovviiiiiieiiiiiiiie e 1109
19.3.21 RSCANORMNDy — Receive Buffer New Data Register (y =010 2).......cocvvvvvvvenceennnnnn. 1110
19.3.22 RSCANORMIDg — Receive Buffer ID Register (@ =010 95) .....ccceveeiriiiieeeiiiiieeeeeiee, 1111
19.3.23 RSCANORMPTR(q — Receive Buffer Pointer Register (=010 95)......ccccceeeviiiiieneenenn. 1112
19.3.24 RSCANORMDFO0g — Receive Buffer Data Field O Register (q =010 95) ........cccovvuvnnen. 1113
19.3.25 RSCANORMDF1q — Receive Buffer Data Field 1 Register (q =010 95) .......ccccceeeeennnn. 1114
19.3.26 RSCANORFCCx — Receive FIFO Buffer Configuration and Control Register

O O (o i PP PRTPPI 1115
19.3.27 RSCANORFSTSx — Receive FIFO Buffer Status Register (X =010 7) ....coevvvvvvnrncennnnnn. 1117
19.3.28 RSCANORFPCTRx — Receive FIFO Buffer Pointer Control Register

O O (o i PP PUPRTTPI 1119
19.3.29 RSCANORFIDx — Receive FIFO Buffer Access ID Register (X =010 7).....ccvvvveeceennnnn. 1120
19.3.30 RSCANORFPTRx — Receive FIFO Buffer Access Pointer Register (x=0t0 7)........... 1121
19.3.31 RSCANORFDFO0x — Receive FIFO Buffer Access Data Field O Register

O (o T RSP PRPTPR 1122
19.3.32 RSCANORFDF1x — Receive FIFO Buffer Access Data Field 1 Register

O O (o T PP OPUPPTPPI 1123
19.3.33 RSCANOCFCCk — Transmit/receive FIFO Buffer Configuration and Control Register k

[ O (o T ) TSP USUPPRROPRPR 1124
19.3.34 RSCANOCFSTSk — Transmit/receive FIFO Buffer Status Register (k = 0 to 17).......... 1128
19.3.35 RSCANOCFPCTRk — Transmit/receive FIFO Buffer Pointer Control Register

[ O (o T ) T PP OOUPPRROPRPR 1131
19.3.36 RSCANOCFIDk — Transmit/receive FIFO Buffer Access ID Register

(K= 010 17 oottt 1133



19.3.37 RSCANOCFPTRk — Transmit/receive FIFO Buffer Access Pointer Register
[ O (o T 4 TP UOUPPRRRPRPR 1135
19.3.38 RSCANOCFDFOk — Transmit/receive FIFO Buffer Access Data Field O Register
(K= 010 L7) coeieieeeeeeeeeeeeeeeee ettt s ettt s e e e ettt sn s s e et et s e e s e 1137
19.3.39 RSCANOCFDF1k — Transmit/receive FIFO Buffer Access Data Field 1 Register
[ O (o T ) TSP UUPPRROPRPR 1138
19.3.40 RSCANOFESTS — FIFO Empty Status REQISter........cccoiiiiiiiiiiiiiiee e 1139
19.3.41 RSCANOFFSTS — FIFO Full Status REQISIET .......ccvviiieiiiiiiiie e 1141
19.3.42 RSCANOFMSTS — FIFO Message Lost Status RegiSter..........ccvvevviivieeeeiiiiieeeeee, 1143
19.3.43 RSCANORFISTS — Receive FIFO Buffer Interrupt Flag Status Register............ccc....... 1145
19.3.44 RSCANOCFRISTS — Transmit/receive FIFO Buffer Receive Interrupt Flag Status
y=To ] (= PP PP UPUPPRPTRPPPPI 1146
19.3.45 RSCANOCFTISTS — Transmit/receive FIFO Buffer Transmit Interrupt Flag Status
L LT 0] (= PP 1148
19.3.46 RSCANOTMCp — Transmit Buffer Control Register (p = 010 95)......ccccveeiiiiiiereiinnnnn. 1149
19.3.47 RSCANOTMSTSp — Transmit Buffer Status Register (p = 0t095) .....ovvvvvvvvciiiieinennnnn. 1151
19.3.48 RSCANOTMTRSTSy — Transmit Buffer Transmit Request Status Register (y = 0 to 2)1153
19.3.49 RSCANOTMTARSTSy — Transmit Buffer Transmit Abort Request Status Register
Y2 (o 1022 RSP PRPSPR 1155
19.3.50 RSCANOTMTCSTSy — Transmit Buffer Transmit Complete Status Register
(Y2 O (0 1) PP PRTTPI 1157
19.3.51 RSCANOTMTASTSy — Transmit Buffer Transmit Abort Status Register (y = 0 to 2).... 1159
19.3.52 RSCANOTMIECyY — Transmit Buffer Interrupt Enable Configuration Register
Y2 O (0 1) PP OPPPPTTPR 1161
19.3.53 RSCANOTMIDp — Transmit Buffer ID Register (p = 010 95) .....uuvriiiieiiiiiriiiniiiiiiieee, 1163
19.3.54 RSCANOTMPTRp — Transmit Buffer Pointer Register (p= 010 95) ......cccevviivveeerinnnnn. 1165
19.3.55 RSCANOTMDFOp — Transmit Buffer Data Field O Register (p =010 95).......ccccceeeeennnn. 1166
19.3.56 RSCANOTMDF1p — Transmit Buffer Data Field 1 Register (p = 010 95)........cccevvunnnen. 1167
19.3.57 RSCANOTXQCCm — Transmit Queue Configuration and Control Register
(LU O (o 1) ISP PPRPRPTPR 1168
19.3.58 RSCANOTXQSTSm — Transmit Queue Status Register (M =01t05) .....c.ceeecvvveeerrnnnnn. 1170
19.3.59 RSCANOTXQPCTRmM — Transmit Queue Pointer Control Register (m = 0 to 5)........... 1172
19.3.60 RSCANOTHLCCm — Transmit History Configuration and Control Register
(LI O (o 1) ISP PRUPPRPPPPPPI 1173
19.3.61 RSCANOTHLSTSm — Transmit History Status Register (M =010 5) ........cvvvvvvvvceennnn. 1175
19.3.62 RSCANOTHLACCm — Transmit History Access Register (M =01t05) ......ccccceerrrvnneenn. 1177
19.3.63 RSCANOTHLPCTRmM — Transmit History Pointer Control Register (m =01to0 5)........... 1178
19.3.64 RSCANOGTSTCFG — Global Test Configuration Register..........ccccovvviereiiiiiieeeennne, 1179
19.3.65 RSCANOGTSTCTR — Global Test Control RegIiSter..........ccevviiiiieiiiiiiiie e 1181
19.3.66 RSCANOGLOCKK — Global Lock Key REQISLEr.........cceeiiiiiiiiiiiiiiie e 1182
19.3.67 RSCANORPGACCr — RAM Test Page Access Register (r =0 t0 63)......ccccccvvvreeeninnnen. 1183
194 INTEITUPLE SOUICES ... ..ttt e e e e e e e e e e et e ettt ettt et eeee s b et ab e e e e e e e e e e e e e eeaaeaeaaaaaeaees 1184
S TR T Y (VI /T To = PP PSROPPPRRRN 1188
L T8 700 R €110 o T= LN 1Y o o =SSR 1188
19.5.1.1 GlObaAl SIOP MOUE. ... ..ttt e e e e e e e 1190
19.5.1.2  Global RESEE MOUE.... ...t e e e e e e e e e 1190
19.5.1.3  GIlObal TESE MOAE ..... ..t e e e e e e e e e e e e s e e s aneeeees 1190

19.5.1.4  Global Operating MOE ........cccuuiieiiiiiiiiiie e 1190



e TR T O o T- 1 o 1= I 1Y, o Lo [ 1191

19.5.2.1  Channel StOP MOGE.......cooiuuiiiiiiiiieee et 1192

19.5.2.2  Channel RESEL MOUE..........uuiiiiiiiiiiie ettt e st e e e s anes 1192

19.5.2.3  Channel Halt MOOE.........cccuuuiiiiiiiiiee et 1192

19.5.2.4 Channel Communication MOAE ...........ccoiuiiiiiiiiieiie e 1193

19.5.2.5  BUS-Off STALE.....uuiiiiii it 1193

I T = (= To =Y o 1 o] o TN U T 4o o PSSR 1196
19.6.1 Data Processing Using the Receive Rule Table...........ccoccviiiiiiiiiiiiiiec e, 1196
19.6.1.1 Acceptance Filter ProCESSING ........coceeiiiiiiiiieeeeeeeeiecrss s s e s e e e e e e e e e e e aeaeaeeeeaenanns 1197

19.6.1.2  DLC Filter PrOCESSING ....uuueieiiiiiieiiaeae ettt ettt e e e e e e e eeeeees 1198

19.6.1.3  ROULING PrOCESSING ...eeiiiiiiiiiieieiitieeee e ettt ettt e ettt e e e et e e e e abbneeaeeaaes 1198

19.6.1.4 Label Addition ProCESSING ......uuuiieieie i e e eieeeeiee ettt s s s s e e e e e e e aeaeaaeneeeeenennnes 1198

19.6.1.5  Mirror FUNCLION PrOCESSING ...eeeiiiiieiiiiiiiiiiieie ettt 1198

700 0 T T4 TS = T o o PRSP 1199

19.7  TranSMISSION FUNCHONS ... .uutiiiiiiiee ettt et e e e e e e e et r e et e e e e e e s s e s snseetbaereeeeeeaeeesessnnnnnnes 1200
19.7.1  Transmit Priority DetermMination ..............ooo it 1201
19.7.2  Transmission Using Transmit BUffers............coooiiiiiii e 1201
19.7.2.1  Transmit ADOI FUNCLION ....cooiiiiiiiiiie et 1201

19.7.2.2  One-Shot Transmission Function (Retransmission Disabling Function)............. 1202

19.7.3  Transmission UsiNg FIFO BUFfEIS .........uuuiiiiiiiiie i 1202
19.7.3.1  Interval TransmisSion FUNCHON .........oooiiiiiiiiiiii e 1203

19.7.4  Transmission Using Transmit QUEUES ..........c.uuuuriiiiieieeeeieeiisiiiirrnneeeeeeeeeeeesessnnnsnsnsneeees 1205
19.7.5  Transmit HiStOry FUNCHION. .......ooi ettt e e e e e e e 1205
19.8  GAteWAY FUNCLION ...ttt e e e e e e e e e s e aaeb bt eeeeaaaaaeseeanneeneenes 1207
19.9  TESE FUNCHION ..ttt ettt et e e e e e oo ettt et e e e e e e e e s s e abbb b e beeeeeeeeee e nnnbeebeees 1208
19.9.1  Standard TSt MOUE .......uuuiiieiiiiiiie ettt e b e e e s e e e s anneeeas 1208
19.9.2  LiStEN-ONIY MOE .....ooiiiiiiiiiiiiiiie ettt e e e e s aanneeas 1208
19.9.3  Self-Test Mode (LOOPhAaCK MOUE) .....ccceviieiieii i 1209
19.9.3.1  Self-Test Mode 0 (External Loopback Mode)..........ceeeeeiiiiiiiieiiiiiiieeeiiieee e 1209

19.9.3.2 Self-Test Mode 1 (Internal Loopback MOde) .........cccuveiiiiiiiiiiiiiiiiiieiece e 1210

S IR = N1V R 1= S RSP 1211
19.9.5 Inter-Channel CommuNICatioN TEST.......ccceiiiiiii e 1211
19.10 RS-CAN SettiNg PrOCEUUIE ......ciiiiiiiiiiee ittt e e e st e e e s s e e e e e sabbeeeaeans 1212
19.10.1  INILIAI SEIINGS ..eeeeiiitiieiee ittt e ettt e e s b e e e e st e e s n e e e ennneeeas 1212

I Tt 1O 0 R 1 [ Tox QST 1 1] o T PO PP PPRR 1213
19.10.1.2 Bit TiMING SELNG ...ccoccvitiiiiieee e e e e e e e e s s s e e e e e e e e e e e e s snnanraneeeees 1213
19.10.1.3 Communication Speed SettiNg.........cccoiiiiiiiiiiiiiiie e 1214
19.10.1.4 ReCeIVE RUIE SELING .....eiiiiiiiiiiiei ittt e e 1215
19.10.1.5 BUfEr SEHING....ceeeieiiiiiiiicie i e e e e e e e e e e e e e e e eeaeeraranes 1216

19.10.2 RECEPLION PrOCEAUIE ... ....eiiiiiiiiieiee ettt ettt e e e e e snneeas 1218
19.10.2.1 Receive Buffer Reading ProCedure............ccooiiiiiiiiiiiiiiiiiiiesis e e e eeeeee e 1218
19.10.2.2 FIFO Buffer Reading ProCedure..............uuuiiiiiiiiiiieiaiiiiiieeee e 1220

19.10.3  TranSMISSION PrOCEUUIE.........icuuiiiieiiiiiiie ettt e e e e e e s snnneeas 1223
19.10.3.1 Procedure for Transmission from Transmit BUuffers.............cccccccceiiiiiiniiiinnnee 1223
19.10.3.2 Procedure for Transmission from Transmit/Receive FIFO Buffers ..................... 1227
19.10.3.3 Procedure for Transmission from the Transmit QUEUE ........ccceeeeeeieeeeeeeeiiiiiieenens 1231

19.10.3.4 Transmit History Buffer Reading Procedure............cccccvuiiiiiiiiniiie e 1232



LS O S I Ty AT 11 T 1233

19.10.4.1 Self-Test Mode Setting ProCeAUIe .............oeeiiiiiiiiiiiiiiiie e 1233
19.10.4.2 Procedure for Releasing the ProteCtion .........cccccceevvviiiiiiiiiiiieiniece e 1234
19.10.4.3 RAM Test Setting ProCeAUIE.........cccoieiiiiiiiceeeeeecrrs s e e e e e e e e e e e aee e 1235
19.10.4.4 Inter-Channel Communication Test Setting Procedure.............ccccoveeiiiiineeennen. 1236
19.11 Detection and Correction of Errors in RS-CAN RAM.......cciiiiiiiiiiiiiiiieeeee e 1237
19.11.1 ECC for the RSCAND RAM ....coiiiiiiiiiieiiie ettt ettt ettt et be e e saneeesees 1237
19.121.2  INEEITUPE REOUEST .....oeeiieiiiiieee ettt e e e e et e e e e e e s ne e s 1237
19.11.3 ECCRCANOCTL — RSCANOQ ECC CoNntrol REJISLEr .......ccviuvreiiiiieiiiee e 1238
19.11.4 ECCRCANOTMC — RSCANO ECC Test Mode Control Register ..........ccccvvvvvveeeennnnen. 1240
19.11.5 ECCRCANOTED — RSCANO ECC Encode/Decode Input/Output Replacement Test
[T oI5 =] PP PP PP TOPPTPTI 1242
19.11.6 ECCRCANOTRC — RSCANO ECC Redundant Bit Data Control Test Register ............ 1243
19.11.7 ECCRCANOSYND — RSCANO ECC Decode Syndrome Data Register ............c......... 1243
19.11.8 ECCRCANOHORD — RSCANO ECC 7-Bit Redundant Bit Data Hold Test Register..... 1244
19.11.9 ECCRCANOECRD — RSCANO ECC Encode Test RegiSter ........c.cccevvvieeniveeiiineeeninen. 1244
19.11.10 ECCRCANOERDB — RSCANO ECC Redundant Bit Input/Output Replacement Buffer
=T 0 153 -1 S P 1245
19.11.11 SELB_READTEST — ECCREAD Test Select RegiSter........ccccovcuviiriiieiiiieeiiee e 1245
19.12 Notes 0N the RS-CAN MOUUIE........cuiiiiiiie ottt 1246
Section 20 Window Watchdog Timer (WDTA) ......ccooi oo e e e e e e e eeeeeeenaneens 1247
20.1 Features Of RHB50/FLIL WDTA. . ..ottt ettt sttt nn et e st e s e e nnee e 1247
20.1.1  Number of Units and Channels ..............uueeeiiiiiiieiiiieie e e e 1247
20.1.2 RegiSter Base AQUreSS........cccoiiiiiiiieecr et aaaaa e e 1247
20.1.3  ClOCK SUPPIY .. ettt ettt e e et e e s ettt e e e e abb e e e earaeas 1247
20.1.4  INTEITUPE REQUESTS ... ciieiiiii ettt e et e e e et n e e e e et s e e e e e aabeeaeas 1248
20.1.5  RESEEI SOUICES ...cuiii ittt et e e e e e e e e e e et e e et et et te et b e e e e e e e e e e e aaaeaeaeeees 1248
DO © 1YL= o T PRSP 1249
20.2.1  FUNCHONAI OVEIVIEW ....ceiiiiiieiii ittt ettt e e e e e e e s e e e et e e e e e e aaeeeaaaannreneeees 1249
PO I = (o Yo QI 1 -V | = o PSSR 1251
D20 B = L= 1] (= £ PRSP 1252
20.3.1 LISt Of REGISIEIS ..ottt ettt e e s et e e s e e e e e e 1252
20.3.2 WDTANWDTE — WDTA Enable RegiSter.........cccciiiiiiiiiiiiiiiie e 1253
20.3.3 WDTANEVAC — WDTA Enable VAC REQISIEN .....coiuuiiiiiiiiiieie et 1255
20.3.4 WDTANREF — WDTA Reference Value RegiSter ..........oovvvviiiiiiiiiiiiiiiiiie e 1256
20.3.5 WDTANMD — WDTA MOUE REQISIEI ....eeiiiiiiiieeee e ittt e e e e e e e e e e e e e 1257
20,4 INTEITUPE SOUICES ....eeiiiiiiieeeiie ittt ettt e et e e e e e et e e e et et e e e e e e s ne s n e rreeaeeeeeeas 1258
20.5  FUNCHONS ..ottt 1259
20.5.1 WDTA after RESEt REICASE ......cooiiiiiie it 1259
20.5. 1.1 SHArT MOUES ...ttt e ettt e e e e e e e s e s e bbbt eeeeaaaaeeaaaane 1259
20.5.1.2 WDTA Settings after Reset RElEASE ...........eeieiiiiiiiieiiiee e 1259
20.5.1.3 Default Start MOde TiMNG.........uuueeiiiiiiaaiiiiiiiiie e e e e e e e e e aannes 1260
20.5.1.4  Software Trigger Start Mode TiMING ......ccuvveiiiiiiiiieei e 1261
20.5.2 WD TA TG0 . itteteitiee ittt ettt s bttt e ket b e e sh et e et e s b e e e nbn e e s nnn e e e anne e e e 1262

20.5.2.1 Calculating an Activation Code when the VAC Function is Used........................ 1262



20.5.3  WDTA EITOr DELECHION ... iiriieee ettt ettt e s 1263
20.5.3.1 WDTA EIOr MOE......co ittt et e et e e e e e e e e e 1263

20.5.4  75% Interrupt REQUEST SIgNAIS.........uuiiiiiiiiieeeee e e e e e e e e sneees 1265
20.5.5  WINAOW FUNCHON .....uuiiiiiii i 1266
Section 21 OS TIMEr (OSTIM) ...ttt e e e e e e e e e e eeeeeeeesennee 1267
21.1  Features Of RHB50/FLL OSTM....ciiiiiiiiiiiaiiiieaaiieaeatteeatee e sibe e e ste e e s abee e s sseeasssbeeesbeeesnbaeeesnneaaas 1267
2111 NUMDBEE Of UNIES. ..ottt et e e e e e 1267
21.1.2  ReQIStEr BAaSE AUUIESS.......ueiiieiiiiiieee ettt ettt s e e e s e b e e e nene 1267
0 Nt O T O (o Tor QST o o V2% PR 1268
21.1.4  INTEITUPE REOUEST......eiiiiiieiiiee ettt e et e e e e e e e e s s e e e e e eeeeeneeaannene 1268
2115 RESEESOUICES .......euiiiiiiiiiiiie et r e e e e e s s e e e e e e e e s e s ennree s 1268
21,2 OVEIVIBW ..ot eiiee ettt ettt ettt et e st e e ek e ekt ena e e e e e e s R et e e Rt e e n R e e e nn e e e nare e n e 1269
21.2.1  FUNCUONAI OVEIVIEW ...cviviiiiiiie ettt sttt e s ne e e e 1269
P = (o Tod QB 1 =T | = o [P EUPT U 1269
21.2.3  COUNE CIOCK ...ceiiiiiieiiiie ettt sttt ettt et e re e e s e e sn e e nnne e 1270
21.2.4  Interrupt SOUrceS (OSTMTINT) coiiiiiiieiiiiiiie ettt 1270
A0 G T o L= |13 (=] = 1271
21.3.1 LISt Of REOISIEIS . .uuuuiiiiiiiiiiie e e e et e e s e e e e e e e e s e s e e et ereeaaaeeeseesnnnnnenees 1271
21.3.2 OSTMNCMP — OSTMN Compare REJISTEN .......cccoiiiiiiieiiiiiiiee et 1272
21.3.3 OSTMNCNT — OSTMN CoUuNter REQISIEN......ciiiiii i e 1273
21.3.4 OSTMnTE — OSTMn Count Enable Status RegiSter ...........ccovviiiiieiiiiiiiiee e 1274
21.3.5 OSTMNTS — OSTMn Count Start Trigger RegISter..........cccovviiiiiiiieiiiccre e 1275
21.3.6 OSTMNnTT — OSTMn Count Stop Trigger RegISter .........occuevieiiiiiiiieieee e 1275
21.3.7 OSTMNCTL — OSTMN CoNtrol REQISIEN .....c.vvviiiiiiiiiiiiie e 1276
21.3.8 OSTMNEMU — OSTMn EmMulation REGISIEN ......cccoiiiiiiiiiiiiieee e 1277
P S O o 1= T 11 o] TP O PP OUPPPPP PP 1278
21.4.1 Starting and Stopping OSTM......ccoiiiiiiiiieecr et a e e 1278
21.4.2  Interval TIMEr MOGE......cciiiie e ettt e e e e e e e s s e s et erreeaaeee e s e e annsnnenees 1278
21.4.2.1 Basic Operation in Interval Timer MOde ...........cccvviviiiiiiiiiiiiiiee e 1278

21.4.2.2  Operation when OSTMNCMP = 0000 0000 .......covvvriiviriiiiiiiniiieiie e 1281

21.4.2.3  Setting Procedure for Interval Timer MOAe ........cc.eeviiiiiiiiiiiiiiiiee e 1281

21.4.3  Free-RUN ComMPAare MOE...........ouuuuuiuiuiiiiiiiie e e ettt e e e e e e aaaaaeeees 1282
21.43.1 Basic Operation in Free-Run Compare MOde ..........cocovvviiiiieiiniiiinie e 1282

21.43.2  Operation when OSTMNCMP = 0000 0000 - .veevveeerreeerireeenirere e sneee e 1283

21.4.3.3  Setting Procedure for Free-Run Compare Mode .............coeeeevviiiviiiieeeiiiiiiiinnn 1284
Section 22 Timer Array UNit B (TAUB) ....ouuuiiiiiiiii e e e 1285
22.1 Features Of RHB50/FLL TAUB.......cocuii ittt ettt e st sibe e e snnee e 1285
22.1.1  Number of Units and Channels ...........ccoooiiiiiiiiiiice e 1285
22.1.2 RegiSter Base AQArESS......ccooiiiiiiiiiiee ettt a e e e 1285
P G T O (o Tod Q10 o] o] 2P EESESRR 1286

22. 1.4 INEITUPE REQUESTS ... e et ettt ettt e e e e e e e e e e e e e aeeeeas 1286
22.1.5  RESELSOUICES .......cuiiiiiiiiiiiiiee e 1287
22.1.6  External INpU/OULPUL SIGNAIS ........vviiieiiiiiiie ettt 1287



P A O 1V V1= PP OO PPTPRR PP 1289

22.2.1  FUNCHONAI OVEIVIEW ...c.iviiiiiiie ettt ettt ne e e 1289
A A U = 1 1 11 TSP TP RRPPPP 1290
22.2.3  Functional List of TimMer OPEratiONS............uviiieeeiiiiiiieciiiieeireeeee e e e e s sssssirereaereeeeaeseesnnnnnns 1292
22.2.4  Input/Output Interrupt REQUESE SIgNAIS ......ouvviiiiiiiiiiie e 1293
P20 S T =1 (o Yo Q0 1 =V | = o PSSR 1294
22.2.6  DeSCription Of BIOCKS .......oiiiiiiiieiiii ettt e e e e e e e e 1295
D B = (=T 11 (= £ T PP PPRRPRRP 1296
22.3.1 LISt Of REOISIEIS...uiii ittt e e e e e et ea e e e e e e aaaaaaaaes 1296
22.3.2  Details of TAUBN Prescaler REQISEIS. .....ccciiiiiiiiieiiiiiie ettt 1297
22.3.2.1 TAUBNTPS — TAUBN Prescaler Clock Select ReQISter........cccvvvvvereeeeeeiiiiiiinnns 1297
22.3.3  Details of TAUBN CONtrol REGISTEIS .......viiiiiiiiiiiiie ettt 1300
22.3.3.1 TAUBNCDRmM — TAUBN Channel Data RegiSter ..........cccooevcciviriririeieeeee e 1300
22.3.3.2 TAUBNCNTmM — TAUBnN Channel Counter RegiSter...........ccccuriiiiieiiiieeennninns 1301
22.3.3.3 TAUBNCMORM — TAUBN Channel Mode OS RegiSter...........cccccuvvrierernninneeen. 1302
22.3.3.4 TAUBNCMURM — TAUBN Channel Mode User Register ........cccoccvveveeeeiiiiinnnns 1305
22.3.3.5 TAUBNCSRmM — TAUBN Channel Status Register............ccccuviiieiiiieeiiniiiiiiee 1306
22.3.3.6  TAUBNCSCm — TAUBnN Channel Status Clear Register ..........ccccuvveeeiiiiiennenns 1306
22.3.3.7 TAUBNTS — TAUBN Channel Start Trigger Register ............ccceeevvvvvvvevevvinvnnnnnnnn 1307
22.3.3.8 TAUBNTE — TAUBN Channel Enable Status RegiSter..........ccccccceeiiiiiiiiiinnnnen. 1307
22.3.3.9 TAUBNTT — TAUBN Channel Stop Trigger RegiSter.........ocvvvveeiiiiiiieeniniiieeeene 1308
22.3.4 Details of TAUBN Simultaneous Rewrite REQISIErS...........coovvviiiiviiiiiiiceiern e 1309
22.3.4.1 TAUBNRDE — TAUBN Channel Reload Data Enable Register...........c.cccveeenne 1309
22.3.4.2 TAUBNRDS — TAUBN Channel Reload Data Control Channel Select Register 1309
22.3.4.3 TAUBNRDM — TAUBnN Channel Reload Data Mode Register.............cccoeeuuneeee 1310
22.3.4.4 TAUBNRDC — TAUBnN Channel Reload Data Control Register .............cccceeeenne 1310
22.3.4.5 TAUBNRDT — TAUBnN Channel Reload Data Trigger Register.............ccccvvvveeee. 1311
22.3.4.6 TAUBNRSF — TAUBN Channel Reload Status Register...........ccccoovvvereiniineeeen. 1311
22.3.5 Details of TAUBN OUIPUL REGISIEIS ....cciiiieeieii ittt e e e st r e e e e e e e snnnnneees 1312
22.3.5.1 TAUBNTOE — TAUBN Channel Output Enable Register .............ccccevvvvvvvvirnnnns 1312
22.3.5.2 TAUBNTO — TAUBN Channel Output REQISter .........cccuviiiieiiiiiiiie e 1312
22.3.5.3 TAUBNTOM — TAUBN Channel Output Mode RegiSter.........ccccvvvvereeeeeeiiiiiiinnnns 1313
22.3.5.4 TAUBNTOC — TAUBN Channel Output Configuration Register......................... 1313
22.3.5.5 TAUBNTOL — TAUBN Channel Output Level Register ..........ccccvvviiveeiiiiiineeens 1314
22.3.6  Details of TAUBN Dead Time Output REQISIEIS ......cccuvviiiiiiiiieee e 1315
22.3.6.1 TAUBNTDE — TAUBN Channel Dead Time Output Enable Register ................. 1315
22.3.6.2 TAUBNTDL — TAUBnN Channel Dead Time Output Level Register.................... 1315
22.3.7  TAUBN EMUIAtioN REQISTET .. ...ttt e e e e e e e e e e riaeees 1316
22.3.7.1 TAUBNEMU — TAUBN Emulation REGISLEr .........cccoiiiiiiiiiiiiiiiie e 1316
22,4  General Operating PrOCEAUIE...........uuiiiieieiie ettt 1317
22.5 Concepts of Synchronous Channel OPeration .............ooocuuiiiiiiiiiiiiiiee e 1318
22.5.1 Rules of Synchronous Channel Operation FUNCLON ............cooeeiiiiiiiieeiecee e 1318
22.5.2  Simultaneous Start and Stop of Synchronous Channel Counters............ccccovvcvveeeeennnee 1320
22.5.2.1 Simultaneous Start and Stop within the Same Unit.................c.oeeviiiiiieiiiiiinnnns 1320

22.6  SIMUIANEOUS REWITLE ......eeiiiiiieiei ettt ettt e st e sne e e s ne e e e s e e s e e enre e e e 1321
P22 T R 1114 o To 11 o3 1T o P EURRRRRSTP 1321
22.6.2 How to Control SImMultaneous REWIIEE ..........coicriiieiiiiiiie e 1322



22.6.2.1  INItIAl SENGS ..uvrueiiiieie i e e e e e ——————— 1323

22.6.2.2  Start Counter and Count OPEratioN...........cuueeieiiiirriieriiieiee e e e 1323
22.6.2.3  SIMUIRANEOUS REWIIE ....eiiiiiiiiiiiii ittt ettt eeneee s 1323
22.6.3 Other General Rules of Simultaneous ReWTrite...........ccuuueiiiiiiiiiiee e 1324
22.6.4  Types Of SIMUItANEOUS REWIITE ........uuviiiiiiiiiiiieee e e s e e e e e e s s arr e e e e e e e e e s en e 1325
22.6.4.1 Simultaneous Rewrite when the Master Channel (Re)Starts Counting (Method A)
............................................................................................................................ 1325
22.6.4.2 Simultaneous Rewrite at the Peak of a Triangular Wave of the Slave Channel
LY = (g To o = ) T PP UPPPR PSR 1326
22.6.4.3 Simultaneous Rewrite when INTTAUBNIm is Generated on an Upper Channel
Specified by TAUBNRDC.TAUBNRDCm (Method C1) ......cccvvveveeeeiiiiiiiiininnneen, 1328
2 A O o T- Va1 I @ 011 o 10 | 1Y o o =PRSS 1330
22.7.1  General Procedures for Specifying a Channel Output Mode ...........c.occveeeeiiiiiineennnnnen. 1332
22.7.2  Channel Output Modes Controlled Independently by TAUBN Signals ..........ccccceeeeeenn.... 1333
22.7.2.1 Independent Channel OUtpUt MOE 1 .........cooiiiiiiiiiiiiiiie e 1333
22.7.2.2 Independent Channel OUtpUt MOE 2 .........cooiuiiiiiiiiiiiiiee e 1333
22.7.3 Channel Output Modes Controlled Synchronously by TAUBN Signals ................c.eeeee.. 1333
22.7.3.1  Synchronous Channel Output Mode 1 ..........cccuveiiiiiiiiiiiieiiiiiee e 1333
22.7.3.2  Synchronous Channel Output Mode 2 ............oooviriiiiiiiiiiiicieis e 1333
22.7.3.3  Synchronous Channel Output Mode 2 with Dead Time Output ..................oueeee. 1334
22.8  Start Timing in Each Operating MOUES ........ccooii i 1335
22.8.1 Interval Timer Mode, Judge Mode, Capture Mode, Count-Up/-Down Mode, and Count
LOF= o1 (U= 1Y/ [0 To [ R 1335
22.8.2  EVENE COUNE IMOUE......cuiiiiiiieeeii ittt e e e e e et e e e e e e e e s e s ettt e eeaeaeeeesesnnnnnnenees 1336
22.8.3  Other Operating MOAES .........ccooieiiiiiieeeeeee e e et aeeeeaeas 1336
22,9 TAUBTTOUTm Output and INTTAUBNnIm Generation when Counter Starts or Restarts......... 1337
22.10 Interrupt Generation UPON OVEITIOW .........coeiiiiiiiiiiiie e a e e 1338
22.10.1 Example of Combination of TAUBTTINm Input Pulse Interval Measurement Function
and TAUBTTINM Input Interval Timer FUNCLON .........ooouiiiieiiiiiii e 1339
22.10.2 Example of Combination of TAUBTTINm Input Signal Width Measurement Function
and Overflow Interrupt Output Function (during TAUBTTINmM Width Measurement) ..... 1340
22.10.3 Example of Combination of TAUBTTINm Input Position Detection Function and Interval
BT =T a0 T oo PP 1341

22.10.4 Example of Combination of TAUBTTINmM Input Period Count Detection Function and
Overflow Interrupt Output Function (during TAUBTTINm Input Period Count Detection)

........................................................................................................................................ 1342

22.11 TAUBTTINM EAQE DEECHON. .. .cueiiiiiiiieeeee e e ie e ettt ee e e e e e e s s e e e e e e e e e e s ssssnnbaraeareaaaeeeaeeanns 1343
22.12 Independent Channel Operation FUNCHONS ..........cooiiiiiiiiiiiiiiiiie e e e e e ee e e e e e e e e e e s e e 1344
22.12.1 Interval TimMer FUNCHON ... ...cuiiiieeees ittt e e e e e e s s s e e e e e e e e e s e s st ae e e e e e e e s e s e e ennnnees 1344
22.12.1. 1 OVEIVIEW ..eeieiiiieitiee ettt ettt ettt st ekt e e st e e aa et e sn et e an e e e nnne e s nnn e e e nnnee e 1344
22.12.1.2 EQUALIONS ...eeiieiiiiiiiee ittt e ettt sb ettt e sttt e e s bbb et e e s b et e e e b n e e e e s 1344
22.12.1.3 Block Diagram and General Timing Diagram ..........cccveeeeiiiiiieeeniiiieeee e eniieeee e 1345
22.12.1.4 REQISIEr SEHINGS ..eiiiiiiii it i it e e e e e e e e e e s e r e e e aa e e e e e e e aaanes 1346
22.12.1.5 Operating Procedure for Interval Timer FUNCLON ...........cccooviiiiiiiiiiiee e 1348
22.12.1.6 SpecCific TIMING DIAQIamMS. ... ...cutiiiiiiiiiiieiiiiie et seaeeee s 1349

22.12.2 TAUBTTINM Input Interval Timer FUNCLON ..........ooiiiiiiiiiiiiieieeee e 1353
N R O 1V o T SRR 1353

22.12.2.2 Block Diagram and General Timing Diagram...........ccccceeeeeiiniiieeeeeeeeeeeeeeeeeeieinnnnns 1354



22.12.2.3 REQISIEr SEINGS . .uuvuritiiiiie i e it e e e e e e e e e e e e e e e 1355
22.12.2.4 Operating Procedure for TAUBTTINm Input Interval Timer Function ................. 1357
22.12.2.5 SpecCific TIMING DIAgramsS........uuuuiriiiieieeeeissiiiiiiiieeereeeeee e e e s sssssnrnrrerreeseeeesssannnnnes 1358
22.12.3 ClOCK DiVIAE FUNCHION .....eiiiiiiie ettt e e e e e e e e e e e e e e e e e e e e nnneees 1359
22.12.3.1  OVEIVIEW ...ttt ee e e e e s e e ettt et e e e e e e e as s s st e e e eeeeeeeesaanansataeanneeeeaeeeeseannnnnnnrnes 1359
22.12.3.2 Block Diagram and General Timing Diagram..........c..cooeeiiuviiieeereieeeee s ceeneennns 1360
22.12.3.3 REQISIEr SEHINGS ...eiiiiitiiiie ittt e e ab e e s annneeeas 1361
22.12.3.4 Operating Procedure for Clock Divide FUNCHON .........ccuueeiiiiiiiiiieiiiiiiee e, 1362
22.12.3.5 Specific TIMING DIagQrams..........cccoiiiiiiiiiiieeiicre s e e e e e e e e e e e e e e eee e 1363
22.12.4 External Event COUNt FUNCHION .........uiiiiiiie et e e e e e e e e e e e e e 1365
22.12.4. 1 OVEIVIEW ..ottt ittt ettt ettt e bttt ettt ekt e e sa bt e e bt e st e e e sb e e s nen e e snnee e 1365
22.12.4.2 EQUALIONS ...ttt eee ettt e e e e e et ettt et e e e e e e e e nb b b e breeeaeae e e e e e e aannne 1365
22.12.4.3 Block Diagram and General Timing Diagram ...........ooccveeieiiiiiieeeiiiieeee e 1366
A A o S =T o 1Y (=T Y= 11 T 1 OO 1367
22.12.4.5 Operating Procedure for External Event Count FUNCLiON ...........cccccooviiiiiiiiinnnee. 1368
22.12.4.6 SpecCific TIMING DIAQIamMS. ... ....coiiiiiiiiiiieiiiiie ettt 1369
22.12.5 0One-Pulse OULPUL FUNCLION ........cciiiiiiiiiiiiiciis e e a e e e aaeaas 1371
22.12.5.1  OVEIVIBW ...ttt et e e e e e ettt et e e e e e e e s s s sttt e eeeeaeeeesassansentbeaneeeeaeaeeeaaeannnnnes 1371
22.12.5.2 EQUALIONS ....ueiiiiiiieiieieee e e s e e s ettt e e e e e e e e e s et e e e e e e e e e e e e aa i n i a it raraaaeaeeeeaannnne 1371
22.12.5.3 Block Diagram and General Timing Diagram...........ccccceeeeeeiiieieeeeeeeeeeeeeeeeeviiinnanns 1372
22.12.5.4 REQISIEr SEHINGS . .eiiiiiiiiiie ittt e abb e e s aenreeeas 1373
22.12.5.5 Operating Procedure for One-Pulse Output FUNCLION ..........cvvvveeiveieeeeee i, 1374
22.12.6 TAUBTTINm Input Pulse Interval Measurement FUNCLION ..........ccccceeeviiiiiieiiiiieeeeee 1375
22.12.6.1  OVEIVIEW ..oeiiiiiieiiiiee ittt e sttt e sttt ettt e s e e ssne e e s s e e s b e e sne e e s nnn e e e sne e e nnre e e nnnes 1375
22.12.6.2 EQUALIONS ..eoouteiiiiiiiie ittt ettt ettt ettt b e ab e bn e e e nne e e bn e e 1376
22.12.6.3 Block Diagram and General Timing Diagram ..........c.occueeeeeiiiiiieeeiiiiieee e 1377
22.12.6.4 REQISIEr SEHINGS ..eiviiiiiiii i it e e e e e s s e e e e e e e e e s s st r e e e e aeaaeaeeaaaannns 1378
22.12.6.5 Operating Procedure for TAUBTTINm Input Pulse Interval Measurement
FUNCLION. ...ttt e e e e e e e e e e e et eeeeeeeaeas 1379
22.12.6.6 Specific Timing Diagrams: Overflow Behavior .............cccccconiiiiiiiniiiiceciiieeen 1380
22.12.7 TAUBTTINmM Input Signal Width Measurement FUNCLION ...............cuvvviiiiiiiiiiiiiieneeeeeeen, 1384
N A R O 1V o T P EPRPPRRR 1384
22.12.7.2 EQUALIONS ....uueeiiiiieiieie e e e e s e e s sttt e e e e e e e e s s st e e e e e e e e e e e e annnnnnratareeeaaeeeeeeaannnne 1385
22.12.7.3 Block Diagram and General Timing Diagram...........cccccceeeeieinieiieeeeeeeeeeeeeeeeiininennns 1385
22.12.7.4 REQISIEr SEHINGS . .eiiiiiieiiie ittt ettt e e s bbb e e e s anneeeees 1386
22.12.7.5 Operating Procedure for TAUBTTINm Input Signal Width Measurement Function
............................................................................................................................ 1387
22.12.7.6 Specific Timing Diagrams: Overflow Behavior ..............ccccooeiiiiiiiiiiiicie, 1388
22.12.8 TAUBTTINM Input Position Detection FUNCHON ..........ccooiiiiieieiiiiie e 1392
22.12.8. 1  OVEIVIEW ..eeiiiiiieiiiie ettt e ettt ettt etttk e ekt e e s a bt e e st e e e ek bt e e be e e st e e e ann e e e anbeeennnes 1392
22.12.8.2 EQUALIONS ...t eee e ettt et e e e e e e e ettt e e e e e e e e e e e nnabb et e eeeaaaaeeaeaaaannne 1392
22.12.8.3 Block Diagram and General Timing Diagram ..........coccueeeeeiiiiiieeeniiieieee i 1393
A A B A = To 1Y (= Y= 11 T £ 1394
22.12.8.5 Operating Procedure for TAUBTTINm Input Position Detection Function .......... 1395
22.12.8.6 SpecCific TIMING DIAQIamMS.........cuiiiiiiiiiiieiiiiie ettt aeaaeee s 1396
22.12.9 TAUBTTINmM Input Period Count Detection FUNCHION ..........ccooiiiiiiiiiiiiiiiieeeeee e 1397
22.12.9.1  OVEIVIEW ...ttt ee e e e e s e e s e et e et e tee e e s s s as s e e e aaeeeeeaeeeesesanssnsbaaanneeaaaeeesassnnnsnnes 1397
22.12.9.2 EQUALIONS ..coeeeieiiiiiitisis e e e e e e et ettt e a e e e e e e e e e e e e et et e e a— et a 1397
22.12.9.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiiieiiieeae e 1398



A e B A = To 1Y (= Y= 11 T 1P 1399
22.12.9.5 Operating Procedure for TAUBTTINm Input Period Count Detection Function .. 1400

22.12.9.6 SpecCific TIMING DIAgramS. ......uuuuuiiiiiieieeeeissiiiiiiiireereeee e e e e e s ssssnrarrerrreeeeassesannnnes 1401
22.12.10 TAUBTTINmM Input Pulse Interval Judgment FUNCLION............ccoiiiiiiiiiiiiiiiie e 1402
22.12.10.1 OVEIVIEW ...ueiiieiieiieieeeee e e e s e e ssee e eeeeaeeesssaaaasentaaaareeeeaaeeesassansssstanneeeneeaeeesessnnnsnnes 1402
22.12.10.2 Block Diagram and General Timing Diagram..........ccceeeeiiiiiiiiiiinnieeereeeeeeesessinnns 1403
22.12.10.3 REQISIEr SEHINGS ...eiiiiitiiiieeiitii ettt e st e e abb e e e e s annneee s 1403
22.12.10.4 Operating Procedure for TAUBTTINmM Input Pulse Interval Judgment Function. 1405
22.12.11 TAUBTTINm Input Signal Width Judgment FUNCLION ..ottt 1406
A o O R O AV g T PP EPURPR 1406
22.12.11.2 Block Diagram and General Timing Diagram.........cccccoeeeeieeeeeeeiiieieeeeeeeiviviiinnn 1407
22.12.11.3 REQISIEI SEHINGS ..ceeiiiiieeiiiiiiite ettt ettt e e e e e e e e s beeeeeeaa e e e e e e aannnes 1408
22.12.11.4 Operating Procedure for TAUBTTINm Input Signal Width Judgment Function .. 1409
22.12.12 Overflow Interrupt Output Function (during TAUBTTINmM Width Measurement) ............ 1410
D R O AV o T PP EPURPR 1410
22.12.12.2 Block Diagram and General Timing Diagram...........cceeeeiiiiiiiiiiiniieeeeeeee e essnnns 1411
A A e T =T o 1Y (= Y= 11 T 1P 1412
22.12.12.4 Operating Procedure for Overflow Interrupt Output Function (during TAUBTTINmM
Width MEASUIEMENT) .....eeeiiiiiiiiii et 1414
22.12.13 Overflow Interrupt Output Function (during TAUBTTINm Input Period Count Detection)
........................................................................................................................................ 1415
22.012.13.1 OVEIVIBW ...ttt e e ettt e e e e e e e e e e o e s bb et e e e e e aaeaeeasaannnbbeneeeeeaaaeaeeaeaannnnnes 1415
22.12.13.2 Block Diagram and General Timing Diagram .........ccccoocuveieeiiiiieeennniiieee e 1416
A A G T0C B = To 1Y (=T Y= 11 T 1 1417
22.12.13.4 Operating Procedure for Overflow Interrupt Output Function
(during TAUBTTINM Input Period Count Detection) ...........ccveeeeiiiiieeeiiiiieeeennne 1419
22.13 Independent Channel Simultaneous Rewrite FUNCLIONS...........ccuvviiiiiiiiiiie e 1420
22.13.1 Simultaneous Rewrite Trigger Generation Function Type L........ccccooiiieeiiiiiiiinniininiinnns 1420
A R O R O 1V o T PP UPURP TR 1420
A N O o 11 - o] o = PP EPEPRRR 1421
22.13.1.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiiiieieeeee e 1422
22.13.1.4 Register Settings for The Upper Channel ..., 1424
22.13.1.5 Register Settings for the Lower Channel(S) .........cevvvvveiiiiniiiiieeeeeeeeeeeeeeeeieenn 1425
22.13.1.6 Operating Procedure for Simultaneous Rewrite Trigger Generation Function
B3 1T R TP P U RO PP PP PPTUTPPPUPTORPRIN 1426
22.14 Synchronous Channel Operation FUNCLONS ...........cooiiiiiiiiiiiiicisis e e 1427
22.14.1 PWM OULPUL FUNCHION ...ttt ettt sttt e e s b e e s nn e e s nnneeennee 1427
N o O R O 1V o T PP EPUTP TR 1427
22.14.1.2 EQUALIONS ..eeeiiiiiiieiee ettt ettt ettt ettt e e sttt e e s bbbt e e et e e e ab e et e e e nee e s 1428
22.14.1.3 Block Diagram and General Timing Diagram...........cccccceeeiiieieieeeeeeeeeeeeeeeeevieieinnns 1428
22.14.1.4 Register Settings for the Master Channel ... 1430
22.14.1.5 Register Settings for the Slave Channel(S) ........ccccovviiiiiiiiiiii e 1432
22.14.1.6 Operating Procedure for PWM Output FUNCLION .........ccceveiiiiiiiieeeiieieccieeeeeiiiias 1434
22.14.1.7 SpecCific TIMING DIAQIamMS. ... ...cuiiiiiiiiiiiieiiiiie et 1435
22.14.2 0One-Shot Pulse OULPUL FUNCHION..........uuiiiiiiiieeeei i e e e e e e e serre e e e e e e e e s e e e ennnns 1439
22.14.2. 1 OVEIVIEW ..ottt ittt ettt ekttt et ettt e sttt e sttt e e skt e e e kbt e e sabe e e ssbe e e st b e e e sbbeesanbeeesnneeenaes 1439
22.14.2.2 EQUALIONS ...eiiiiiiiiiiiie ettt ettt ettt e e sttt e e sttt e e s bbbt e e e st a e e e aa e e s 1440
22.14.2.3 Block Diagram and General Timing Diagram.............cooeccvvviiieeeeeeeeeee s es e 1441

22.14.2.4 Register Settings for the Master Channel ..., 1443



22.14.2.5 Register Settings for the Slave Channel .............c.ooooviiiiiiii i, 1445

22.14.2.6 Operating Procedure for One-Shot Pulse Output FUNCLION ............ccceeeiiiiiieeeenne 1447
22.14.2.7 SpPeCific TIMING DIAgramS.......uuuuuiiiiiieiieeeiseiiiiitireeereeeeee e e e s sssnssrnrrerreeeeeeesesannnnes 1448
22.14.3 Delay Pulse OUIPUL FUNCHION........oiiiiiiiiiee ittt e 1454
A B R O 1V =T o T PR 1454
A R B o 11 - o] o P EERPR 1455
22.14.3.3 Block Diagram and General Timing Diagram ..........ccccuveeeeiiiiiiieeeniiiieeeeesiiieeeeene 1457
22.14.3.4 Register Settings for the Master Channel ..o, 1459
22.14.3.5 Register Settings for Slave Channel 1 ..., 1461
22.14.3.6 Register Settings For Slave Channel 2 ... 1463
22.14.3.7 Register Settings for Slave Channel 3 ... 1465
22.14.3.8 Operating Procedure for Delay Pulse Output Function..............ccccevvvvvveviivvnnnnnnn. 1466
22.14.3.9 SpecCific TIMING DIAQIamS. ... ....cuiiiiiiiiiiieiiiiie et 1468
22.14.4 AD Conversion Trigger OQutput FUNCLION TYPE L ....coiiiiiiiii e 1470
22,1441 OVEIVIBW ...ttt ettt ettt e e e e e e e e e ek bbbttt et e e e e e e e e e e s s nbbbbeabeeeeaaaeeeaaasannnnnes 1470
22.14.4.2 Block Diagram and General Timing Diagram ..........coccueeeieiiiiiieeeniiieeee i 1470
22.14.5 Triangle PWM OULPUL FUNCHION ...ccoviiiiiiiceee e e e e e e e e e e e 1472
22.14.5.1  OVEIVIBW ...ttt e e e e e e sttt et et e e e e e s s e st e eeeeaeeeesessasentbeaneeeeeeaeeesaasnnnnne 1472

A T o 11 - 4o ] o PP EEERRR 1473
22.14.5.3 Block Diagram and General Timing Diagram...........ccccceeeeieiniiieeeeeeeeeeeeeeeeeeiiiiinnns 1474
22.14.5.4 Register Settings for the Master Channel ..., 1476
22.14.5.5 Register Settings for the Slave Channel(S) ......ccccceevveiiccciiiiiieeee e, 1478
22.14.5.6 Operating Procedure for Triangle PWM Output FUNCLION .......ccoooveiiiiiiiiiiiiiinine. 1480
22.14.5.7 Specific TIMING DIAQIamMS. ... ...outiiiiiiiiiiie et seareee s 1481
22.14.6 Triangle PWM Output Function with Dead TimMe ............eciiiiiiiiiiiiiiiiiiiieeeee e 1483
22.14.8.1  OVEIVIBW ...ttt ee e e e e ettt e et e e e e e e e e s bbbttt e et e e eaaeeaessannantbeaaeeeeaaaeeesassannnrnes 1483
A O T o 11 - o] o =SSR 1485
22.14.6.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiieiieneaa e 1486
22.14.6.4 Register Settings for the Master Channel ............ccccciiii e, 1488
22.14.6.5 Register Settings for Slave Channel 2 ..., 1490
22.14.6.6 Register Settings for Slave Channel 3 ... 1492
22.14.6.7 Operating Procedure for Triangle PWM Output Function with Dead Time ......... 1494
22.14.6.8 Specific TIMING DIagrams..........cccoiiiiiiiiiiiiiirere e e e e e e e e e e e e e 1495
22.14.7 AD Conversion Trigger Output FUNCLION TYPE 2 .....uviiiieiiiiiiie et 1506
22.14. 7.1 OVEIVIEW ..oeiiiiiii ittt s ettt es et e st e e e e s n e e sn et e s nn e e e e e e s e e nnnes 1506
22.14.7.2 Block Diagram and General Timing Diagram..........cccccceeeeieieieieeeeeeeeeeeeeeeeeiisinnnnns 1506
Section 23 Timer Array Unit D (TAUD) .....cooiiiiiiiiei et 1508
23.1  Features of RHB50/FLIL TAUD ....oociiiiiiiiiiiiiie ettt e e e e e e e e e e e e e e s s eeeeeeeeaeeeeeeseannnns 1508
23.1.1  Number of Units and Channels ...............oooiiiiiiiiiiii e 1508
23.1.2 RegiSter Base AGUIESS.......ccciii ittt e e e e e e e s e e e e e e e e e e e e 1508
23.1.3  ClOCK SUPPIY ettt e e e e e ettt et e e e e e e e e e e e e e annnbnbbeaeeaeaaaeeeeaanrnne 1509
2314 INTEITUPE REQUESTS ... ittt e e e et e e e et e e e e e aaaa e e aeas 1509
23,15 RESEE SOUICES ...t e e e e e e e et ettt et e e bt bbb bbb a e e e e e e e e e e aaaaaaeeaens 1509
23.1.6  External Input/Output SIgNAIS...........ccciiiiiiiii e e e e e e e e e ennes 1510
23.1.7  Internal INPU/OULPUL SIGNE@IS ... .eveeieiiiiieiie ettt 1511
23.1.8  TAUDO INPUL SEIECHON .....eeiieieeee ettt s s e e e e e e e e s s eereaeaeeeseeannnnnes 1511

23.1.8.1 SELB_TAUDOI — TAUDTTINm Input Signal Selection Register...........ccc.......... 1512



P B O 1V V1= PO O TP PPTPRR PP 1513

23.2.1  FUNCHONAI OVEIVIEW ...civiiiiiiie ettt ettt ettt ne e s ne e e 1513
23.2.2 T OIIMNS ettt e e e et e et e e e ettt bt b et bbb e e e e e e e e aaaaaaaaaaas 1514
23.2.3  Functional List of TimMer OPEratiONS............uvviieeeeiiiiiieiiiiieeireeeeee e s e e sessinirereaereeaeeeseesnannnns 1515
23.2.4 TAUD I/O and Interrupt REqUESE SIgNAIS ........coeeiiiiiiiiieeiiiiiie e 1516
P22 I S T =1 (o Yo Q0 1 =V | = o PSSR 1517
23.2.6  DeSCription Of BIOCKS .......eeiiiiiiiiiiii ettt e e e e e e e e 1518
P T B = (=T o 1] (= £ TSP PR PUPPURPRPP 1519
P T Tt R I 1Y o) L= 1S3 (=] =R 1519
23.3.2  Details of TAUDN Prescaler REQISIEIS .......ccoiiiiiiieiiiiieie it 1520
23.3.2.1 TAUDNTPS — TAUDN Prescaler Clock Select RegiSter.......cccccvvveeeeeiiiiiicnnnnnen. 1520
23.3.2.2 TAUDNBRS — TAUDnN Prescaler Baud Rate Setting Register...........ccccoccuvveenn. 1523
23.3.3  Details of TAUDN CONtrol REQISIEIS ....uvviiiiiiiiieiie e iie sttt e e e e e e s e err e e e e e e e e e s e e 1524
23.3.3.1 TAUDNCDRmM — TAUDnN Channel Data RegiSter ...........ccccuviiiieiiiiiieeiiniiiines 1524
23.3.3.2 TAUDNCNTm — TAUDN Channel Counter REgiSter ..........ccccveeviiiieeeeniiiiineeens 1525
23.3.3.3 TAUDNnCMORM — TAUDN Channel Mode OS RegISter .......ccccveveveeeeeeiiiiiiinnns 1526
23.3.3.4 TAUDNnCMURM — TAUDnN Channel Mode User Register.......cccccccccovviiniiinnnnnen. 1529
23.3.3.5 TAUDNCSRmM — TAUDN channel status register ...........ccccvnuvreeienniiieeeeiniieeen, 1530
23.3.3.6 TAUDNnCSCm — TAUDnN Channel Status Clear Register............cccccvvvvvvvvvvrnnnns 1531
23.3.3.7 TAUDNTS — TAUDnN Channel Start Trigger Register..........ccccveeeeiiiiieiiiiiiiiinns 1531
23.3.3.8 TAUDNTE — TAUDnN Channel Enable Status Register ...........ccccovcviveiiiiiieneenne 1532
23.3.3.9 TAUDNTT — TAUDN Channel Stop Trigger Register ............ccceevvvvvvvvvevvvinvnnnnnnns 1532
23.3.4  Details of TAUDN Simultaneous Rewrite RegQIStErS..........oocviiiiiiiiiiii e 1533
23.3.4.1 TAUDNnRDE — TAUDnN Channel Reload Data Enable Register..............cccvvveeeee. 1533
23.3.4.2 TAUDNRDS — TAUDnN Channel Reload Data Control Channel Select Register 1533
23.3.4.3 TAUDnRDM — TAUDnN Channel Reload Data Mode Register ...........ccccoevveeeen. 1534
23.3.4.4 TAUDNRDC — TAUDnN Channel Reload Data Control Register.............cccuuee.... 1534
23.3.4.5 TAUDNnRDT — TAUDnN Channel Reload Data Trigger Register..............cccuuueeee. 1535
23.3.4.6 TAUDNRSF — TAUDnN Channel Reload Status Register..........cccocvvveeeiiniieeeeenne 1535
23.3.5 Details of TAUDN OUIPUL REQISIEIS......uvuiieiiiiieiie i et e e e e e 1536
23.3.5.1 TAUDNTOE — TAUDnN Channel Output Enable Register............ccccvveeiiiiieneeens 1536
23.3.5.2 TAUDNTO — TAUDN Channel Output RegiSter............cooviivviviiiiieieeee e 1536
23.3.5.3 TAUDNTOM — TAUDnN Channel Output Mode RegiSter...........ccccceveeeeeiiininnnnns 1537
23.3.5.4 TAUDNTOC — TAUDnN Channel Output Configuration Register..............cccccc..... 1537
23.3.5.5 TAUDNTOL — TAUDnN Channel Output Level Register...........ccccceevvvvivevvivivnnnnns 1538
23.3.6  Details of TAUDN Dead Time OUutput REQISLEIS ..........eiieiiiiiieieiiiiieee et 1539
23.3.6.1 TAUDNTDE — TAUDnN Channel Dead Time Output Enable Register................. 1539
23.3.6.2 TAUDNTDM — TAUDnN Channel Dead Time Output Mode Register .................. 1539
23.3.6.3 TAUDNTDL — TAUDnN Channel Dead Time Output Level Register.................... 1540
23.3.7 Details of TAUDN Real-time/Modulation Qutput RegISters.............uuvvvvvvvnreiiiiiiiiiiereeeeenn 1541
23.3.7.1 TAUDNnTRE — TAUDnN Channel Real-time Output Enable Register................... 1541
23.3.7.2 TAUDNTRC — TAUDnN Channel Real-time Output Control Register .................. 1541
23.3.7.3 TAUDNTRO — TAUDnN Channel Real-time Output Register.............ccccevvvvvvvnnnnn. 1542
23.3.7.4 TAUDNnTME — TAUDnN Channel Modulation Output Enable Register ................ 1542
23.3.8  TAUDN EMUIAtION REQISTEN ...cccii it ee e e e s s e st e e e e e e e s e s st aer e e e e e e e e e s enanns 1543
23.3.8.1 TAUDNEMU — TAUDN Emulation ReQISter.........uieiiiiiiieiieeeeeieieeeeeeeeevvvinn 1543
AT N @ 1o 1= = 1 oo TN o o Tot =T o [V = 1544

23.5 Concepts of Synchronous Channel OPeration .............cccccciiiiiiiiiiieee e e e 1545



23.5.1 Rules of Synchronous Channel OPeration ...........ccceceeiiieiieeeeiiieeeeee e ae e 1545

23.5.2 Simultaneous Start and Stop of Synchronous Channel Counters...........cccccovvvieeeeennnee 1547
23.5.2.1 Simultaneous Start and Stop within the Same Unit.............ccccccevvveeeeeiiinccciiene, 1547
23.5.2.2 Simultaneous Start between the UNitS ..........c..uuuiiiiiiiiiiiiiieeeeee e 1547

23.6  SIMUIANEOUS REWIITE ...ttt e e e s et e et e e e e e e e e e e e bbb e beeeeeaaeeeeaean 1548

23.6.1  OVEIrVIEW Of OPEIAtIONS ...cceiieeeeeiiiiiciiiieeie et e e ee e e e e s sses e e e e e eaeeeesessssaasbaearereeaaeeesassnnsnnes 1548

23.6.2  How to Control SIMultaneous REWIITE .........cceiiiiiiiiiiiiiiiiieee e 1550
b2 I 2 N | T (=TI = 1] o P EEEPURR 1551
23.6.2.2  Start Counter and Count OPEratiON...........coiiiuiiiiiiiieiiee e e 1551
23.6.2.3  SIMUIANEOUS REWIIE ...ttt e e e e e e e e e e e s sennnes 1551

23.6.3  Other General Rules of SIMUANEOUS REWTITE.........ccveviiiiiiiiieeeie e 1552

23.6.4  Types of SIMUItANEOUS REWIIEE ......ccoiiiiiiiiieeiiiiit e 1553
23.6.4.1 Simultaneous Rewrite when the Master Channel (Re)starts Counting (Method A)

............................................................................................................................ 1553
23.6.4.2 Simultaneous Rewrite at the Peak of a Triangular Wave of Slave Channel

LY L=1 (g ToTo N = ) TP PPPRRPRR 1555
23.6.4.3  Simultaneous Rewrite when INTTAUDnNIm is Generated on an Upper Channel

Specified by TAUDNRDC.TAUDNRDCmM (Method C1).......ccccceeeiiniiieriiiiiiieeeens 1556

23.6.4.4  Simultaneous Rewrite when INTTAUDNIm is Generated on an Upper Channel
Specified by TAUDNRDC.TAUDNRDCm that in Turn is Triggered by an External

Signal (Method C2) .......ccoiiiiieeee e e e e e 1558
23.7  Channel OUIPUL IMOOES ........uuuiiiiiiiiiiiee e e e e es et e e e e e e e et e e s r e e e e aeeeeseasnsnnnbatnnnereeeeeeenannns 1560
23.7.1  General Procedures for Specifying a Channel Output Mode ..........cccccvveveveeeeiniiiiicinns 1562
23.7.2  Channel Output Modes Controlled Independently by TAUDN Signals ...............cccvuueee. 1563
23.7.2.1 Independent Channel OUtpUt MOAE 1 ........ccooiiiiiiiiiiiiiieeeiiie e 1563
23.7.2.2 Independent Channel Output Mode 1 with Real-Time Output .............ccccvvvveeeee. 1563
23.7.2.3 Independent Channel OUtPUt MO 2 .........cooiiiiiiiiiiiiiiieeeeee e 1564
23.7.3  Channel Output Modes Controlled Synchronously by TAUDnN Signals .............cccvveeeee.. 1565
23.7.3.1  Synchronous Channel Output Mode 1 ..........c.oooiiiiiiiiiiiiiiiiiciie e 1565
23.7.3.2  Synchronous Channel Output Mode 1 with Non-Complementary Modulation
L@ 1111 o] | S TP O PRRPUUUPPPTPTPUPRIN 1565
23.7.3.3  Synchronous Channel Output MOde 2 ..........ccuveiiiiiiiiiiieiiiie e 1565
23.7.3.4  Synchronous Channel Output Mode 2 with Dead Time Output .................coueeeee. 1566
23.7.3.5 Synchronous Channel Output Mode 2 with One-Phase PWM Output................ 1567

23.7.3.6  Synchronous Channel Output Mode 2 with Complementary Modulation Output 1568
23.7.3.7  Synchronous Channel Output Mode 2 with Non-Complementary Modulation

L@ 1111 011 | S PO POPPPPPUPPPPTPPPUPTIN 1568

23.8  Start Timing in Each Operating MOAES ...........eiiiiiiiiiiiii e 1569
23.8.1 Interval Timer Mode, Judge Mode, Capture Mode, Count-up/-down Mode, and Count

LOF= o1 (U1 =0 1Y/ (0T [ R 1569

23.8.2  EVENE COUNE IMOUE......euiiiiieieeeii ettt ettt e e e e e e e e e s ettt e eeaaaeeeeeeaaannnneeees 1570

23.8.3  Other Operating MOAES .........ccoeiiiiieiiie e e e e e e e aeeaeas 1570

23.9 TAUDTTOUTm Output and INTTAUDnNImM Generation when Counter Starts or Restarts ........ 1571

23.10 Interrupt Generation UPON OVEITIOW .........ciiiiiiiiiiiiiiiiie e 1572

23.10.1 Combination of the TAUDTTINm Input Pulse Interval Measurement Function and the
TAUDTTINmM Input Interval Timer FUNCHON .........ooiiiiiieiiiiiee e 1573

23.10.2 Combination of the TAUDTTINm Input Signal Width Measurement Function and the
Overflow Interrupt Output Function (at Measuring the TAUDTTINm Width) .................. 1574



23.10.3 Combination of the TAUDTTINm Input Position Detection Function and the Interval
THMEE FUNCHION. ...ttt ettt e e e e e e e e s s bbb e e b e eeeeaeeeeeeaannnnes 1575

23.10.4 Combination of the TAUDTTINm Input Period Count Detection Function and the
Overflow Interrupt Output Function (at Detecting the TAUDTTINm Input Period Count)1576

23.11 TAUDTTINM Edge DELECHION ......eeeeieeiiiieie ettt ettt ettt s e e e e e enees 1577
23.12 Independent Channel Operation FUNCHONS ........coooiiiiiiiiiiiiiieeie e 1578
23.12.1 Interval TiMer FUNCHON .......cctiiiiiiii ittt e e e e e e e e e e e e s nnees 1578
P T O R O 1V T PP ERURPRR P 1578

b T 0 O o 11 - o] = EPERRR 1578
23.12.1.3 Block Diagram and General Timing Diagram..........c.ooouiiiiiiiiieieieeee e 1579
23.12.1.4 REQISIEr SEHINGS . eeiiiitiiiiie ittt st e et e e s annneeees 1580
23.12.1.5 Operating Procedure for Interval Timer FUNCLION ........cccoveiiiiiiiiiieiieiieceeeeceieeis 1582
23.12.1.6 Specific TIMING DIAQIramMS. ......uuuiiiieiiiiiaeaai it e e ee e e e e e e e e e e aaannes 1583
23.12.2 TAUDTTINmM Input Interval Timer FUNCLON ..........cooiiiiiiiiiiiiiieeeiee e 1587
23.12.2. 1 OVEIVIEW ..eveiiieiiiiiiiee e eitteete e e ettt e e e sstb et e e e e skt e e e e snnbeeeeeesnbbeeeeesasbbeeeeesanbaeeeeeansbeeeaenas 1587
23.12.2.2  EQUALIONS ...eeiieiiiiiiie ettt ettt ettt ettt e ettt e et e e s bt e e r e e e e s 1587
23.12.2.3 Block Diagram and General Timing Diagram..........c.ocoovecuvievireereieeees e ssssvneeeens 1588

A T A S = To 1Y (= Y= 11 T 1S 1589
23.12.2.5 Operating Procedure for TAUDTTINm Input Interval Timer Function ................. 1591
23.12.2.6  SpPeCific TIMING DIAQIamS. ......uuuuuiiiiiieieeeeieiiisiiriieeereeeee e e s s s sssnsarrreeereaeeeeesesannnnes 1592
23.12.3  ClOCK DiVIAE FUNCHION .....ceiiiiiieeii ittt e e e e e e e e e e e e e e e e e e e e nneeees 1593
P T 2 B0 R O 1V o T PSP 1593
23.12.3.2 EQUALIONS ..ottt s et e e e e ettt e e e e e e e e e e et et e e et rae i —————— 1594
23.12.3.3 Block Diagram and General Timing Diagram ..........cc.cccveeeiiiiiieeeeiniieeee i 1594
23.12.3.4 REQISIEr SEHINGS ..eiiiiiiiiiii i e e e e e e e e e e s e s e e e e eaeeeaeeaannnes 1595
23.12.3.5 Operating Procedure for Clock Divide FUNCHON ............ccccuiiiiiiiiiiiiiieecie e 1597
23.12.3.6 SpecCific TiIMING DIAQIamS. ... ....coiiiiiiiiiiieiiiiie ettt 1598
23.12.4 External EVent COUNE FUNCHON ......cciiiiiiiie ittt e e 1600
P T S R O AV o T P EPURP TR 1600
23.12.4.2 EQUALIONS ...eeiiiiiiiiiiie ettt st ettt e e s ettt e e sttt e sttt e e nb e e e e e nnaeeae s 1600
23.12.4.3 Block Diagram and General Timing Diagram...........ccccceeeeieinieieeeeeeeeeeeeeeeeeeeeinnnnns 1601
23.12.4.4 REQISIEr SEHINGS . eeiiiitiiiiie ittt st e e sbb e e e s annneeees 1602
23.12.4.5 Operating Procedure for External Event Count FUNCLION .............occvveeeiiiiiieeennn. 1603
23.12.4.6 Specific TIMING DIaQrams. .........ccoeiiiiiiiieeeeeiere s e e e e e e e e e e e e e e e e e e 1604
23.12.5 Delay COUNE FUNCHON ....ciiiiiiiiieiiiieie ettt e e e e 1606
23.12.5.1 OVEIVIEW 1.uveiiieiiiiiiiie e eitttete e e sttt e e e e sttt e e e e st bbeee e e ssbaeeeeessbbeeeeesasbbeeeeesantbeeeesannbeeeeenas 1606
23.12.5.2  EQUALIONS ...eiiiiiieiiieie e ettt e e e ettt e e e e e e e e e e an bbb e bt e eeaaaeeeeaeaanane 1606
23.12.5.3 Block Diagram and General Timing Diagram ...........occcveeeeiiiiiieeeiniieeeeeeniieeeeene 1607
23.12.5.4 REQISIEr SEINGS . .utvurutiiiiii s i i et e e e e e e e e e e e e e e e e 1608
23.12.5.5 Operating Procedure for Delay Count FUNCLION ...........coooiiiiiiiiiiiiiiiiiieee s 1609
23.12.6  One-Pulse OULPUL FUNCHION .........ci ittt e e e e e e e e s e e e e ea e e e e e e e nnnnes 1610
23.12.6.1 OVEIVIEW ..uveiieeiiiiiiiee e eitteeee e e ettt eee e e st ee e e e satbeeeeeaasbaeeeeesnsbeeeeesantaeeeeesanbseeeeessseeeaenas 1610
23.12.6.2 EQUALIONS ...eeiiiiiiiiiiee ittt ettt ettt ettt ettt e bbb 1610
23.12.6.3 Block Diagram and General Timing Diagram..........c..cooeecciviiieeeeeieeeee s cceneennns 1611
23.12.6.4 REQISIEr SEINGS . uuvturitiiiiii e i e e e e e e e e e e e e e e e e e e 1612
23.12.6.5 Operating Procedure for One-Pulse Output FUNCLION ...........cvvvievvieieeeenniiiiiinns 1614
23.12.7 TAUDTTINmM Input Pulse Interval Measurement FUNCHON ............ueeeiiiiiiiinininiiiiiiiinee, 1615
23.12.7. 1 OVEIVIBW ...ttt ee ettt e e e e e e e e ettt et e e e e e e e e e e e e e bbb bt beeeeeaaeeeeseaannnnseees 1615

23.12.7.2 EQUALIONS ..eeeiieiiiiiiiiee ettt ettt ettt e ettt ettt e e sttt e e e bbb e e e e e s 1616



23.12.7.3 Block Diagram and General Timing Diagram...........ccccceeeeieieiiiieeeeeeeeeeeeeeeeiiiiinnns 1617

23.12.7.4 REQISIEr SEHINGS . .eiiiiitiiiie ettt ettt e st e bbb e s annneees 1618
23.12.7.5 Operating Procedure for TAUDTTINm Input Pulse Interval Measurement
FUNCHION. ...t 1619
23.12.7.6 Specific Timing Diagrams: Overflow Operation.............ccooviiiiiiieieiieieee s 1620
23.12.8 TAUDTTINmM Input Signal Width Measurement FUNCLION ...........ccccceeeiiiiiiiee i 1623
23.12.8. 1  OVEIVIEW ..eeiiiiiie ittt ekttt et e st e st e e s e e st e s et e s n e e nnne e s nnne e e nnneeennns 1623
23.12.8.2 EQUALIONS ...eeiieiiiiiiiiee ittt ettt s ettt e ettt e sttt e st e e e e e s 1624
23.12.8.3 Block Diagram and General Timing Diagram ..........cocueeeeeiiiiiieeeiiiieeeeeeniieeeeene 1624
23.12.8.4 REQISIEr SEUINGS . uuuvururiiiiieie i e et e e ee et e s e e e e e e e e e e e eeeeeeeeaeresra s 1626
23.12.8.5 Operating Procedure for TAUDTTINm Input Signal Width Measurement Function
............................................................................................................................ 1627
23.12.8.6 Specific Timing Diagrams: Overflow Operation............cccueveeiiieieeeeiniiieee s 1628
23.12.9 TAUDTTINmM Input Position Detection FUNCLON ... 1632
23.12.9.1  OVEIVIBW ..ttt e e e e sttt et e e e e e e e e s et e e e e e e eeeeeesaasnnabesaeeeaeaaeeeeseaannnnnnnees 1632
23.12.9.2 EQUALIONS ...ceeeeeiiiiiiiteis e e e ettt e e e e e e e e e et e e e e r e 1632
23.12.9.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiieieieeee e 1633
23.12.9.4 REQISIEr SEHINGS . eeiiiitiiiiie ittt a et e e e s ananeee s 1634
23.12.9.5 Operating Procedure for TAUDTTINm Input Position Detection Function .......... 1635
23.12.9.6 SpeCific TIMING DIAQIamMS. ... ..uuuiiiiiiiiiiiaa et e e e e e e e e eeeeeeaaaaeeeeaaannes 1636
23.12.10 TAUDTTINm Input Period Count Detection FUNCLON............cccccvviiiiiiiiieiee e 1637
23.12.10.1 OVEIVIEW .eeutiiiiiiiie ettt ettt ettt etttk e ekt e e ss bt e s it e e e sk bt e e b e e e s eb b e e e nbne e e anbeeennnee 1637
23.12.10.2 EQUALIONS ...eeiiieiiiitieee ettt ettt ettt e ekttt e sttt e e s abb et e e e nb b e e e annaeee s 1637
23.12.10.3 Block Diagram and General Timing Diagram...........ccceeeviiiiiiiiiiniieeereeeeeeseesieinnns 1638
23.12.10.4 REQISIEr SEINGS .. eiiiiitiiiie ettt e st e e s b e e e e s nnnnneees 1639
23.12.10.5 Operating Procedure for TAUDTTINm Input Period Count Detection Function .. 1640
23.12.10.6 Specific TIMING DIagramS.......cc.uuuuiiiieiieeeeeeiiisrrie e ee e e e e e e e s sssssnrerrrerreeeeeeseesannnnes 1641
23.12.11 TAUDTTINm Input Pulse Interval Judgment FUNCLION ..........ccoviiiiieeeiiiiiiee e, 1642
23.12.11.0 OVEIVIEW .eeeiieiiiiieie ettt ettt ettt b e skt e s st e e st e e sbe e e s b e e e nsn e e e e e e nanes 1642
23.12.11.2 Block Diagram and General Timing Diagram...........cccoooiiiiiiiiiiiiiieeieeeee s 1643
23.12.11.3 REQISIEr SEHINGS ...eiiiiitiiiie ettt ettt e e e aab e e e innneee s 1644
23.12.11.4 Operating Procedure for TAUDTTINm Input Pulse Interval Judgment Function. 1645
23.12.12 TAUDTTINm Input Signal Width Judgment FUNCLION ...........ccoooiiiiiieiiiii e 1646
23.12.12.1 OVEIVIEW ..oeeiieiiiiiiie ettt e ettt ettt s e se e e e e s n e e s e e s nn e e e e e e e nanes 1646
23.12.12.2 Block Diagram and General Timing Diagram.........cccoeeeieieieeeeeeeieieveeeeeieiviiieenns 1647
23.12.12.3 REQISIEr SEHINGS ..eeiiiiiiiiiie ettt ettt e e aab e e e aenneee s 1648
23.12.12.4 Operating Procedure for TAUDTTINm Input Signal Width Judgment Function .. 1649
23.12.13 Overflow Interrupt Output Function (during TAUDTTINm Width Measurement)............. 1650
23.12.13.1 OVEIVIEW ...ueiiiieieiieieeeee e e e e e e eet et e e e e aeeeeessa st saeeeeaaaeeeesasaassnstanaeeeeaeaeeesesannnnnnes 1650
23.12.13.2 Block Diagram and General Timing Diagram.........ccccceeeieeeieeeeeeeieieeeieeeieiivviinnn 1651
23.12.13.3 REQISIEr SEINGS ...eiiiiitiiiie ettt e st e st e e annneee s 1652
23.12.13.4 Operating Procedure for Overflow Interrupt Output Function
(during TAUDTTINM Width Measurement) ........coeeeevieiiiiiiviiiiieiie e ee s 1653
23.12.14 Overflow Interrupt Output Function
(during TAUDTTINm Input Period Count Detection) ............coccvveeverriireereninnieeee e 1654
T I B R O AV o T PR 1654
23.12.14.2 Block Diagram and General Timing Diagram..........ccceeeeiiiiiiiiiiiniiieeeeeeeeeessssiinnns 1655
23.12.14.3 REQISLEr SELUNGS ...eeitrieeitiieitiie ettt ettt ettt e e st b e e e sbr e e s sabeeessbeeesbeeesanes 1656

23.12.14.4 Operating Procedure for Overflow Interrupt Output Function
(during TAUDTTINmM Input Period Count Detection) ...........ccccceeeviiieeeeeiiiieeeennns 1657



23.12.15 One-Phase PWM OULPUL FUNCHION ..........uuuiiiiiiii e e e e 1658

23.12.15.0 OVEIVIBW ...ttt e e e e ettt e e e e e e e e e s e et bt et et e e eae e e e e s s nnntbeneeeeeaaaeeaeaeaannnnnes 1658
23.12.15.2 Block Diagram and General Timing Diagram..........ccceeeeiiiiiiiiiiiiiieeereeeeeeseessiinnns 1659
23.12.15.3 Register Settings for Lower Channels...........cccco i 1661
23.12.15.4 Register Settings for Upper Channels. ... 1663
23.12.15.5 Operating Procedure for One-phase PWM Output Function..............cccccoeveeenee. 1664
23.13 Independent Channel Real-Time FUNCHONS ..........eiiiiiiiiiiii e 1665
23.13.1 Real-Time Output FUNCLION TYPE L ..ttt 1665
231311 OVEIVIEW ..ttt ittt ettt ettt ettt ettt ekt e e sa bt e st e s b e e e s e e s nnn e e e nnne e e 1665
23.13.1.2  EQUALIONS ...ttt e e e ettt e e e e e e e e bbb e breeeaeaeeeeeeaannne 1666
23.13.1.3 Block Diagram and General Timing Diagram ............occeeeeeiiiiiiieeiiiiieeee i 1666
23.13.1.4 Register Settings for Upper Channels...........cooovvviiiiiiiiiiiiiiiiie e 1668
23.13.1.5 Register Settings for Lower ChannelS...........cceiiiiiiiiiiiiiieeeee e 1670
23.13.1.6 Operating Procedure for Real-Time Output Function Type L.........cccccevvviienenenne 1671
23.13.1.7 Specific TIMING DIaQrams..........cccoiiiiiiiiiieeirre s e e e e e e e e e e e e e e e e 1672
23.13.2 Real-Time Output FUNCLION TYPE 2 ...ttt 1673
23.13.2. 1 OVEIVIEW ..ottt ettt ettt et e s e e st e st e s nn e e e mre e s nnn e e s ne e e 1673
23.13.2.2 Block Diagram and General Timing Diagram...........ccccceeeeeeiiieiieeeeeeeeeeeeeeeeiieienanns 1674
23.13.2.3 Register Settings for Upper Channels. ... 1676
23.13.2.4 Register Settings for Lower ChannelS...........vveeeeiiiiiiiciiiiiiieeecee e 1678
23.13.2.5 Operating Procedure for Real-Time Output Function Type 2............cccvvvvvvvvvnnnnes 1679
23.13.2.6  SpecCific TiIMING DIAQIamS. ... ....cuiiiiiiiiiiie it 1680
23.14 Independent Channel Simultaneous Rewrite FUNCLIONS..........cccuvviieiiiiiiiie e 1681
23.14.1 Simultaneous Rewrite Trigger Generation Function Type 1........cccccovviiiiieiiniiiiieeeennnne, 1681
2 T O R © 1V - T SRR 1681
2 T O o 11 - o) = EPERRR 1682
23.14.1.3 Block Diagram and General Timing Diagram ............occveeieiiiiiieeeniiiieeee i 1683
23.14.1.4 Register Settings for Upper Channels...........occeiiiiiiiiiiiiii e 1685
23.14.1.5 Register Settings for Lower Channels...........cooovviiiiiiiiiiiiiiiiie e 1686
23.14.1.6 Operating Procedure for Simultaneous Rewrite Trigger Generation Function
B )Y/ oL RO RPPPPRTR 1687
23.14.2 Simultaneous Rewrite Trigger Generation Function Type 2........cccccovvciivveeiniinen e, 1688
23.14.2.1  OVEIVIBW ...ttt ettt e e e e e e oo bbbttt e e e e e e e e e e s e aabb bbb beeeeaaaeeeeesaannnnnbees 1688
23.14.2.2 Block Diagram and General Timing Diagram ..........cccveeeeeiniiieeeeiniieeeeeeniieeeeene 1689
23.14.2.3 Register Settings for Upper Channels............cooovviiiviiiiiiiciceis e 1691
23.14.2.4 Register Settings for Lower Channels..........ccccooiiiiiiiiiiiiiiiee e 1693
23.14.2.5 Operating Procedure for Simultaneous Rewrite Trigger Generation Function
13 122 USSR 1694
23.15 Synchronous Channel Operation FUNCHONS ..........c.uuiiiiiiiiiie e 1696
23.15.1 PWM OUPUL FUNCHION .....ooiiiiiiiii et 1696
P2 T T8 00 R O 1V Y T PSP 1696
23.15.1.2 EQUALIONS ..eoiuveiiiiiiie ettt ettt ettt ettt ettt ettt e sh e ib e b b b e s nn et nn e e e anre e e nnnes 1697
23.15.1.3 Block Diagram and General Timing Diagram ............ccoveeeiiiiiieeeniiiieeeen e 1697
23.15.1.4 Register Settings for the Master Channel ..o, 1699
23.15.1.5 Register Settings for Slave Channels............cccciiiiiii 1701
23.15.1.6 Operating Procedure for PWM Output FUNCLION ..........oeeiiiiiiiiiiiiiiiieee e 1703
23.15.1.7 SpecCific TiIMING DIAQIamS. ... ...cutiiiiiiiiiiie et e e eaaeee s 1704

23.15.2 One-Shot Pulse OULPUL FUNCHION..........uuiiiiiiiiieaaiieiiiiiee e e e 1707



23.15.2.1  OVEIVIEW ..teiiiiiiiiiiee ettt et ettt e ekttt e e e skt e e e e s b e e e e s ns b e e e e s anra e e e e s anreneee e 1707

23.15.2.2  EQUALIONS ...eeiiiiiiiiiiiee ittt ettt ettt et e e sttt e 1708
23.15.2.3 Block Diagram and General Timing Diagram..........c..cooeeevviiireerereeeee e essceeneenens 1708
23.15.2.4 Register Settings for the Master Channel .........ccccooevviiiiiiiiii, 1710
23.15.2.5 Register Settings for Slave Channels...........ccocvieiiiiiiiiiiie e 1712
23.15.2.6 Operating Procedure for One-Shot Pulse Output Function..................ccecvvvvnnee. 1714
23.15.2.7 SpPecific TIMING DIAQIamMS. ......uuuiiiiiiiiaiieaaee ettt a e e e e e e e e e e e e e e e e e aannnes 1715
23.15.3 Trigger Start PWM OULPUL FUNCHION .......uviiiiiiiiiiieeiece e 1719
23.15.3. 1 OVEIVIEW ..eeeiiiiieiiiie ettt etttk e ekt e e sa et e s s e e st e s bt e s b e e e e e e e nnre e nanes 1719
23.15.3.2  EQUALIONS ...eeiieiiiiiiiiie ettt ettt ettt et e e 1720
23.15.3.3 Block Diagram and General Timing Diagram ..........cocoeeeeeiiiiiieeeniiieeee e siieeeeene 1720
23.15.3.4 Register Settings for the Master Channel .........cccccoevviiiiiiiiiiiicceen 1722
23.15.3.5 Register Settings for Slave Channels...........ccoocviiiiiiiiiiii e 1724
23.15.3.6 Operating Procedure for Trigger Start PWM Output Function ................cccevveeeee. 1726
23.15.3.7 Specific TIMING DIagQrams..........cccciiiiiiiiiiiiiere e e e e e e e e e e e e 1727
23.15.4 Delay Pulse OUIPUL FUNCHON........oiiiiiiiiiie et 1730
23.15.4. 1 OVEIVIEW ..eeeiiiiieiiiie ettt ettt ettt etttk e ek e e ss bt e s ab e e e sk b e e s be e e s nb b e e e sn e e e anreeennnes 1730
23.15.4.2 EQUALIONS ...t eee e ettt e e e e e e e ettt et e e e e e e e e e e nn bt e e e eeeaaaaaeaeaaannne 1731
23.15.4.3 Block Diagram and General Timing Diagram ..........coccueeeieiiiiiieeeniiieiee i 1732
23.15.4.4 Register Settings for the Master Channel .........cccccoeiiiiiiiiiiiiiiiceen 1734
23.15.4.5 Register Settings for Slave Channel 1 ..........occoiiiiiiiiieiie e 1736
23.15.4.6 Register Settings for Slave Channel 2 ... 1738
23.15.4.7 Register Settings for Slave Channel 3 ... 1740
23.15.4.8 Operating Procedure for Delay Pulse Output FUNCHON ...........cceveeiiiiiiieiiiiieeen, 1742
23.15.4.9 SpecCific TIMING DIagramsS........uuuuuieriieiieeeeeeiiisiiiiieereeeeeee e s e s sssssnrarrrarreeaeeesessnnnnes 1744
23.15.5 Offset Trigger OUIPUL FUNCHION ......ccoiiiiiiiiiiiiiiiee et 1746
23.15.5.1  OVEIVIEW ..ieiieiieiie et e e e e e e e sttt e e ee e e e e s s asssa e eeeeeaeeeeeessansnstennnneneeaeeesessnnnnnne 1746
23.15.5.2 EQUALIONS ..ccoeeiiiiiiiiies sttt e ettt e e e e e e e e e e et et e e e e 1746
23.15.5.3 Block Diagram and General Timing Diagram..........ccoccuveeveeiiiiieeeiniiieee e 1747
23.15.5.4 Register Settings for the Master Channel ..o, 1749
23.15.5.5 Register Settings for Slave Channels............c.oovvviiiiiiii e 1751
23.15.5.6 Operating Procedure for Offset Trigger Output FUNCLON ...........ccoocvieeiiiniiiineenne 1753
23.15.5.7 SpecCific TIMING DIagramsS........uuuriiieiieiieeeeeiiiisiirrieeereeeeeeeeessssssnrnrreerreeeeeesessannnns 1754
23.15.6 A/D Conversion Trigger Output FUNCHON TYPE 1 ....eeiiiiiiiiiiiiiieeeeee e 1756
23.15.6.1  OVEIVIBW ...ttt e e e e e e e e ettt et et e e e e e s s s s sne bt eeeeeaeeeeeessanssnsbeaaeeeeaeaeeessssnnnnnnes 1756
23.15.6.2 Block Diagram and General Timing Diagram..........cccceeeeeieiieieeeeeeeeeeeeeeeeiiiiininnnns 1756
23.15.7 Triangle PWM OULPUL FUNCLION ......coiiiiiiiiiiieiiiiice ettt 1758
23.15.7. 1 OVEIVIEW ..oeiiiriieiiie ettt etttk st e st e s b e e s ne e e s nn e e e e e eennnes 1758
23.15.7.2 EQUALIONS ..ottt e e e e e e e e e e e et e e i ———————— 1759
23.15.7.3 Block Diagram and General Timing Diagram ..........ccoccuueeieeiiiiieieeiniieiee e 1760
23.15.7.4 Register Settings for the Master Channel .........cccccccevveeeiiiiiiicciiee e 1762
23.15.7.5 Register Settings for Slave Channels. ... 1764
23.15.7.6 Operating Procedure for Triangle PWM Output FUNCION ..........coocviveeeiiiiiennenns 1766
23.15.7.7 SpecCific TIMING DIagramsS.........uuuuieriieiieeeeeeiiisiiiriierererreeeeeessssssarnrrrerrereeeesessnnnnns 1767
23.15.8 Triangle PWM Output Function with Dead Time ..o 1769
23.15.8.1  OVEIVIEW ...ttt et e e e e s e e s s ettt et e e teeeeessasasansbe e eeeeaeeeesessanssnstaaaeeeeeaaeeesesannnnnnes 1769
23.15.8.2  EQUALIONS ...ttt e e ettt e e e e e e e e bbb e e e et e e e e e e e e e e e nnne 1771
23.15.8.3 Block Diagram and General Timing Diagram..........ccoccueeeeiiniiiieeeiniiiiee e 1772

23.15.8.4 Register Settings for the Master Channel .........cccccccvveee e 1774



23.15.8.5 Register Settings for Slave Channel 2 ..., 1776

23.15.8.6 Register Settings for Slave Channel 3 ... 1778
23.15.8.7 Operating Procedure for Triangle PWM Output Function with Dead Time ......... 1780
23.15.8.8 Specific TIMING DIBQIaMS. ......uuiiiiiiiiiiiieaee ettt e e e e e e e e e e e e e aannes 1781
23.15.9 A/D Conversion Trigger Output FUNCLION TYPE 2 ..coeviiieeiiiiiiiee et 1783
23.15.9.1  OVEIVIEW ..eviiiieiiiiiiiie e e eitteee e e ettt e e sttt e e e e sttt e e e e s s bt e e e e snbbeeeeesambbeeeeesanbeeeeeeannbeeeaanas 1783
23.15.9.2 Block Diagram and General Timing Diagram ............occoeeeeiiiiiieeeiiiiieeeeeniieeeeene 1783
23.15.10 Interrupt Request Signals Culling FUNCLON ............ccccciiiiiiiiiiiee e 1785
23.15.10.1 OVEIVIBW ...ttt ee e ettt ettt e e e e e e e s e et bbbttt e e e e e e e e e e s sannbbbbsbeeeeaaaeeesaeaannnne 1785
23.15.10.2 EQUALIONS ....eeiieiiiiiieee ettt ettt ettt ekttt e e skt e e s aab et e e s sbb e e s annaeee s 1786
23.15.10.3 Block Diagram and General Timing Diagram.........cccceeeeeieieeeeeieieceeeeeeeieieiiniennns 1786
23.15.10.4 Register Settings for the Master Channel ... 1788
23.15.10.5 Register Settings for the Slave Channel ............ccccooi 1790
23.15.10.6 Operating Procedure for Interrupt Request Signals Culling Function ................. 1791
23.15.10.7 Specific TIMING DIAgramIS. ........ueeiiiiiieiieae ettt e e e e e e e ae e e e e e e e aannes 1792
23.16 Synchronous Non-Complementary and Complementary Modulation Output Functions........... 1793
23.16.1 Non-Complementary Modulation Output Function Type 1 .........ocovvviiiiiviiiiiiiiinieeeeeeeeen, 1793
23.16.1.1  OVEIVIBW ...ttt e ettt e e e e e e e ettt et e e e e e e e e e e e e nab b b e beeeeaaaeeeeeeaannnnneees 1793
23.16.1.2  EQUALIONS ...eeiiiiiiiiiie ettt ettt sttt ettt ettt e et e e e n e e s 1795
23.16.1.3 Block Diagram and General Timing Diagram...........cccceeeeeeiieieieeeeeeeeeeeeeeeeeiiiieianns 1796
23.16.1.4 Register Settings for the Master Channel ............cccccoviiini e, 1798
23.16.1.5 Register Settings for Slave Channel 1 ..o 1800
23.16.1.6 Register Settings for Slave Channels 210 7...........uiiiiiiiiiiie e 1802
23.16.1.7 Operating Procedure for Non-Complementary Modulation Output Function
B3 0120 R TP UP U P PP PPTUTPUPUPTPPPRIN 1804
23.16.1.8 Specific TIMING DIAQramS........cociurieiiriierieeesiee e sneee s 1806
23.16.2 Non-Complementary Modulation Output FUNCLION TYPE 2 ...cccoviiiiiieiiiiiiiie e 1807
23.16.2.1  OVEIVIEW ...eiieeiieiie it ee e e e e s e e ettt et e e e e e e s es s st eeeeeeeeeeesaanansnteeaneeneaaeeeesesnnnnnnseens 1807
B T80 T o[ U= o] o 1P 1809
23.16.2.3 Block Diagram and General Timing Diagram ...........oocouveeeeiiiiieeeeiniiieeeeeniieeeeene 1810
23.16.2.4 Register Settings the Master Channel...........ccccooiiiiiiii e 1812
23.16.2.5 Register Settings for Slave Channel 1 ..............oovririiiiici e 1814
23.16.2.6 Register settings for slave channels 2 t0 7........cc.ccooviiiiieiiiiiiee e 1816
23.16.2.7 Operating Procedure for Non-Complementary Modulation Output Function
LY LSO PP TRRI 1818
23.16.2.8 SpecCific TIMING DIBQIamS........ccuiiiiiiiiiiieiiiii e 1820
23.16.3 Complementary Modulation OUEPUt FUNCHON ........cuviiiiiiiiiiiee e 1821
23.16.3. 1 OVEIVIEW ..eveiieeiiiiiiiieeeittttee e e ettt e e e sttt e e e e sttt eeeessbaeeeeesntbeeeeesastbeeeeesanbaeeeeessbeneaenas 1821
23.16.3.2  EQUALIONS ...eiiieiieiieeii e ettt e e e e e e e ettt et e e e e e e e e e nab b b e reeeeaaaeaeeaeaaannne 1824
23.16.3.3 Block Diagram and General Timing Diagram ..........ccoocoueeeeeiiiiiieee e 1825
23.16.3.4 Register Settings for the Master Channel .........ccccooevviiiiiiiiiiicen 1827
23.16.3.5 Register Settings for Slave Channel 1 ...........ccociiiiiiiiiiiiii e 1829
23.16.3.6 Register settings for slave channels 2, 4, and 6.............oooovciiiiiiiieii s 1831
23.16.3.7 Register settings for slave channels 3, 5, and 7. 1833
23.16.3.8 Operating Procedure for Complementary Modulation Output Function .............. 1835
23.16.3.9 SpecCific TIMING DIAGIamMS. ... ...uuiiiiiiiiiiiee ittt snaaeee s 1837
Section 24 Timer Array UNit J (TAUJ)....uuuiiiiiiiie s s e e e e e e eeeeeeennnnnnes 1839

24,1  Features Of RHB50/FLIL TAUJ .....ooiiiiiiiiiiiiiiieie ettt ettt e e 1839



2411 NUMDBEE OF UNIES. ..ottt e e e e 1839
24.1.2  ReQISIEr BASE AUUIESS.......eeiiiiiiiiiiiee ittt ettt s et e e s e b e e e e 1839
St O T O (o Tod QS o) o] V2R 1840
24.1.4  INTEITUPE REOUESTS ....oeieiiiieieeeii ettt e e e e e e e e e e e e e e e e e e s s 1840
2415  RESEESOUICES .......euitiiiiiiiiiiee ettt e e e e e s s er e e e e e e e s e s 1840
24.1.6  External INpU/OULPUL SIGNAIS ........veiiiiiiiiiiie et 1841
24.1.7 Internal INpUt/OULPUL SIGNAIS .......ccoiiiiiieeee e 1841
24.1.8  TAUJO INPUL SEIECTION ....coiiiiiiiee ittt ettt 1842
24.1.8.1 SELB_TAUJOI — TAUJTTINmM Input Signal Selection Register .............c.cee..e. 1843
4.2 OVEIVIBW ...t eiiee ettt ettt ekttt e et e st a4 e bt e ekt e e ea e e e s e e e na Rt e e R et e e R e e e nn e e e s e e nnee e 1844
24.2.1  FUNCHONAI OVEIVIEW ....oiiiiiieeeii ettt e e e e e e e et e e e e e e e e e e s e e s s nnnte e eeeeeaaeeeeanannnnsnnnnees 1844
24.2.2  TEIMNS Lot e e e e e e e et e e e e e 1845
24.2.3  Functional List of TIMer OPerations...........ccouiiiiieaiiiiiieeeiiiie e 1846
24.2.4 TAUJ /O and Interrupt ReqUESE SIGNAIS ....uvvuieeiiiiiiiii e 1846
P I =1 (o o3 g B =T | =12 P TPPRT PR 1847
24.2.6  Description of BIOCK DIaQram ............uuuiiiiiiiiii e e e e e e e e e e e 1848
2 B = L= 1] (= = U PRREPRRR 1849
2 T R N 1) o = L= ] (=] USRS 1849
24.3.2  Details of TAUJIN Prescaler REJISIEIS ......coiii ittt 1850
24.3.2.1 TAUJINTPS — TAUJN Prescaler Clock Select Register ...........covvvieeieiiiiieenenns 1850
24.3.2.2 TAUJNBRS — TAUJn Prescaler Baud Rate Setting Register...............cccccvvvneee. 1853
24.3.3  Details of TAUJIN CONrol REQISTEIS......uuiiiiiiiiiiie ettt 1854
24.3.3.1 TAUJINCDRmM — TAUJN Channel Data RegiSter.............coovcvvviiieieeieeeee e 1854
24.3.3.2 TAUJINCNTm — TAUJn Channel Counter Register............ccccuvieeiieeiiiienininiins 1855
24.3.3.3 TAUINCMORM — TAUJN Channel Mode OS RegiSter........cccccoovvveeeeriniiieeeeenns 1857
24.3.3.4 TAUJINCMURmM — TAUJn Channel Mode User Register.........cccccoeeveevevviiieennnnns 1860
24.3.3.5 TAUJINCSRmM — TAUJN Channel Status RegiSter .........ccccuuviiiieeiiiiieieiieiiiees 1861
24.3.3.6  TAUINnCSCm — TAUJn Channel Status Clear Trigger Register ..........ccccceeeene 1861
24.3.3.7 TAUINTS — TAUJn Channel Start Trigger Register ............cccceeevvvvvvvveivvininnnnnnn. 1862
24.3.3.8 TAUJINTE — TAUJn Channel Enable Status Register...........cccceveeeiiiiiniiinininnns 1862
24.3.3.9 TAUINTT — TAUJINn Channel Stop Trigger RegiSter..........cccccvvviveverieeeeeeieiiinnns 1863
24.3.4  Details of TAUJN Simultaneous RewWrite REQISTEr ...........ueiiiiiiiiiiiiiiiiiiiieieee e 1864
24.3.4.1 TAUJInRDE — TAUJn Channel Reload Data Enable Register ..............cccceeeeenne 1864
24.3.4.2 TAUJNRDM — TAUJn Channel Reload Data Mode Register...............ccccvvvnnee. 1864
24.3.4.3 TAUJINRDT — TAUJn Channel Reload Data Trigger Register ............c.coeeeuueee 1865
24.3.4.4 TAUJINRSF — TAUJNn Channel Reload Status Register ........ccccoovvvveeeiiiiiiieenenns 1865
24.3.5 Details of TAUJIN QULPUL REQISTEIS.....uvuiieiiiie i i i e et e e e e e e e 1866
24.35.1 TAUJInTOE — TAUJn Channel Output Enable Register..........cccccoovvveveiiiiinnneen. 1866
24.3.5.2 TAUJINTO — TAUJN Channel Output REQISLEr ........ccceeeiiiiiiiiiiiiiieee e 1866
24.3.5.3 TAUINTOM — TAUJn Channel Output Mode RegiSter ............eevvviieiiiiiiiiiinnns 1867
24.35.4 TAUJInTOC — TAUJIn Channel Output Configuration Register ..............ccceeeenne 1867
24.3.5.5 TAUJINTOL — TAUJn Channel Output Level RegiSter.........cccvvveeeeeeeeeeeiiiiiiinnns 1869
24.35.6 TAUINEMU — TAUJn Emulation RegISter ...........eueiiiiiiiiiiiiiiiiiiiiicceeee e 1869
P A @ T o T=T = 1o TN o o Yo =T o [V = 1870
24.5 Concepts of Synchronous Channel Operation FUNCLON.............eiiiiiiiiiiee e 1871
2451 Rules of Synchronous Channel Operation FUNCLION ...........coooviiiiiiiiiiiiiine e 1871
24.5.2  Simultaneous Start and Stop of Synchronous Channel Counters............ccccoeeviiiivinneee. 1873



24.5.2.1 Simultaneous Start and Stop within a TAUJ Unit.........cccccoeeiieiiiiiiiiieiiieeeeeeiis 1873

24.5.2.2 Simultaneous Start between TAUJ UNItS .......oeiiiiiiiiiiiiiiiiiieeeeeee e 1873
24.6  SIMUIANEOUS REWHITE ...ttt e e e e e e e e ettt e et e e aa e e e e e e e annbbnbeeeeeeaeaeaaean 1874
24.6.1 How to Control SIMultaneous REWIITE ..........coicuriiiiiiiiiie e 1874
24.6.1.1  INItAI SELHNGS ..coieveeeeee ittt 1875
24.6.1.2 Start Counter and Count OPEratioN...........cccevecciiiiiieeiree e e e re e e e e e e s 1875
24.6.1.3  SIMURANEOUS REWIITE ....ciiiiiiiiiiis ittt 1875
24.6.2 Other General Rules for SImultaneous REWTIte ...........ccoovviiiiiiiiiiiiiiieiee e 1875
24.6.3  SimUltaneous REWrITE PrOCEUAUIE .........uvviiiiiiieiee ettt 1876
Y A O g T Vo a1 I @ 011 o 10 | 1Y o o [T PREEP 1878
24.7.1  General Procedures for Specifying a Channel Output Mode ..........cccccvvveeveeeiniiiiicinns 1880
24.7.2  Channel Output Modes Controlled Independently by TAUJN Signals.............ccccceeeeeneee 1881
24.7.2.1 Independent Channel OUtpUt MOdE 1 .........cooiiiiiiiiiiiiiiee e 1881
24.7.3 Channel Output Modes Controlled Synchronously by TAUJn Signals............cccccuvveneee. 1881
24.7.3.1  Synchronous Channel Output Mode 1 ..........cccuviiiiiiiiiieieiieee e 1881
24.8  Start Timing in Each Operating MOAES ..........uiiiiiiiieiai et e e e 1882
24.8.1 Interval Timer Mode, Judge Mode, Capture Mode, Count-Up/-Down Mode, and Count
1021 o1 (1| (=31 1Y/ (o To [T EPRPPPTTTt 1882
24.8.2  Other Operating MOUES .......ccoiiiiiiiie it e s b e e e ennaees 1883
24.9 TAUJTTOUTm Output and INTTAUJInIm Generation when Counter Starts or Restarts........... 1884
24.10 Interrupt Generation UPoN OVEITIOW .........coiiiiiiiiiiiiiii e 1885
24.10.1 Combination of the TAUJTTINm Input Position Detection Function and the Interval
BT L= 0 0T 1o o DT PPUPTRROt 1886
24.11 TAUJITTINM EAQE DEIECHON .....veeeiiiiiiiieeeee ettt e e e e e e e e e e e e e e e e e aaes 1887
24.12 Independent Channel Operation FUNCLONS ...........evviiiiiiiiieiiriee e 1888
24.12.1 Interval TIMer FUNCLON........cociiiiiiie ettt 1888
24.12.1.1  OVEIVIBW ..ottt ettt et e e e e e e ookt e ettt e e e e e e e e e e e aababbebeeeeaaaeeeesesannnnnbees 1888
24.12.1.2 EQUALIONS ...eeiiiiiiiieiiee ettt ettt ettt ettt e ettt e e sttt e e st e e ab e e e e ane e s 1888
24.12.1.3 Block Diagram and General Timing Diagram.............cooeeevviiireereieeeesessessinennens 1889
24.12.1.4 REQISIEI SEHINGS . eitiiiiieiiiiitit ettt ettt e e e e e e e e e e e e b e e e e e aaaaeeeeaaannes 1890
24.12.1.5 Operating Procedure for Interval Timer FUNCLION ...........ccooviiiiiiiiiiiiieieeeeee 1892
24.12.1.6 SpecCific TIMING DIAQIramS........uuuuiieiieeieeeeiiiiisiitiieeeree e e e e e s s s sssnnrrnrreereeeeeeesessnnnnes 1893
24.12.2 TAUJTTINM Input Interval TiImer FUNCHON..........coooiiiiiiiiiii e 1895
24.02.2. 1 OVEIVIEW ..uviiiieiiiiiiiee e iitteeee e e ettt e e e sstbe e e e e s st baeeeeessbeeeeeesnbbeeeeesaabaeeeeesanbaeeeessnnbeeeeenas 1895
O A R Lo DT U110 ] SRR 1895
24.12.2.3 Block Diagram and General Timing Diagram ...........cccoveeeeiiiiieeeeiniieeeeesniieeeeene 1896
24.12.2.4 REQISIEI SEHINGS ..eiiiiiii i it i iiccite et r e e e e e e e e e s s e e e e e aaeaeeeeaaaanes 1897
24.12.2.5 Operating Procedure for TAUJTTINm Input Interval Timer Function .................. 1899
24.12.2.6 SpecCific TIMING DIAQIamMS. ... ....cuiiiiiiiiiiieiiiiit ettt 1900
24.12.3 TAUJTTINm Input Pulse Interval Measurement FUNCLION ..............ouvvviieiiiiiiieieeeeeeeeeee, 1901
O I T R O AV o T SRR PR 1901
O 2 B o 1 - o] PSR 1902
24.12.3.3 Block Diagram and General Timing Diagram...........ccccceeeeieiiieieeeeeeeeeeeeeeeeevieinnnnns 1902
24.12.3.4 REQISIEr SEHINGS . ceiiiitiiiiie ittt a et e e e s ananeee s 1904
24.12.3.5 Operating Procedure for TAUJTTINmM Input Pulse Interval Measurement
FUNCHION. ... e 1905

24.12.3.6 Specific Timing Diagrams: Overflow Behavior ............c..cccccoeeiiiiiiiiiicieee 1906



24.12.4 TAUJTTINm Input Signal Width Measurement FUNCLION................ooevvviiiiiiiiiiiiiie e, 1910

24.12.4. 1 OVEIVIBW ...ttt e ettt e e e e e e oo e et ete ettt e e e e e e e e e s e e annnbbebeeeeeaaaaeeaeaaannnnerees 1910
24.12.4.2 EQUALIONS ....uuiiiiiiieiieieee e e e e e s s e et e e e e e e e s e s e s st e e e e e aeeeeeeeaa e nnr it arrrrreaaeaeaaeaaannne 1911
24.12.4.3 Block Diagram and General Timing Diagram..........cccccceeeiieiiieieeeeeeeeeeeeeeeeevieieennns 1911
24.12.4.4 REQISIEr SEHINGS . .eiiiiiiiiiie ittt ettt st e st e e sbb et e e s annneeees 1912
24.12.4.5 Operating Procedure for TAUJTTINmM Input Signal Width Measurement Function
............................................................................................................................ 1913
24.12.4.6 Specific Timing Diagrams: Overflow Behavior ... 1914
24.12.5 TAUJTTINm Input Position Detection FUNCLION...........ccooviiiiiiiiiiieee e 1918
24.12.5. 1 OVEIVIEW ..oeiiiiiiiiitiie ittt ettt ettt etk e ekt e e sa et s e e st e e s be e e s b e e et e e nnre e e nanes 1918
24.12.5.2 EQUALIONS ...eoiiiiiiiiiiie ettt ettt ettt ettt e ettt e st e et 1918
24.12.5.3 Block Diagram and General Timing Diagram ..........coccveeeeiiiiiieeeniiieeee i 1919
24.12.5.4 REQISIEIr SEUINGS ..uuuvururiiiiiieie i e e e e e e e e e e e e e e e e e e e e e e e ae e ee e 1920
24.12.5.5 Operating Procedure for TAUJTTINm Input Position Detection Function........... 1921
24.12.5.6 SpecCific TIMING DIAgramsS........uuuuiieiiieiieeeeie it eereeree e e e s s ssssarerreerrereeeesesannnnnes 1922
24.12.6 TAUJTTINm Input Period Count Detection FUNCHON............ccooiiiiiiiiiiiiiiicee e 1923
24.12.6.1  OVEIVIBW ...ttt eeee e e e e e e sttt ettt e e e e e e e s s s se et aeeeeeeaaeeeaessasentbaaaeeeeeeaeeesaesnnnnnne 1923
24.12.6.2 EQUALIONS ...oceeeiiiiiiiiti ittt e e e e e e e e e e e e a e ——————— 1923
24.12.6.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiiiieiiieae e 1924
24.12.6.4 REQISIEr SEHINGS . .eiiiiiiiiiie ettt e e e e aaareeeas 1925
24.12.6.5 Operating Procedure for TAUJTTINm Input Period Count Detection Function... 1926
24.12.6.6 SpecCific TIMING DIAQIamS. ... ....coiiiiiiiiiieiiiiie et 1927
24.12.7 Overflow Interrupt Output Function (during TAUJTTINm Width Measurement)............. 1928
24.12.7. 1 OVEIVIBW ...ttt et e e ettt et e e e e e e s e e s bbbttt e et e e aaaeeaa s s nbntbeeaeaeaaaaeeesaasannnnnes 1928
24.12.7.2 Block Diagram and General Timing Diagram ..........ccoccuveeeeiiiiieeeeniiieeee e riieeeeene 1929
24.12.7.3 REQISIEr SEHINGS ..eitiiiiiiii i i s e e e e e e e e e s s s e e e e aeeaeeeesaannnns 1930
24.12.7.4 Operating Procedure for Overflow Interrupt Output Function (during TAUJTTINm
Width MEASUIEMENL) ...t e e e e e e ee e e e e aeeeaeeas 1931
24.12.8 Overflow Interrupt Output Function (during TAUJTTINm Input Period Count Detection)1932
24.12.8.1  OVEIVIBW ...ttt ee e ettt et e e e e e e e e ek bbbttt et e e e e e e e e e s s nbbbbeebeeeaaaaeeeeaeaannnnnes 1932
24.12.8.2 Block Diagram and General Timing Diagram ..........coccveeieiiiiiieeeniiieeeee i 1933
24.12.8.3 REQISIEr SEUINGS . uuvtururiiiiie i e i e et e e e e e e e e e e e et e e e e e ee e e 1934
24.12.8.4 Operating Procedure for Overflow Interrupt Output Function (during TAUJTTINm
Input Period Count DEECHION) .......eeiiiiiea et 1935
24.13 Synchronous Channel Operation FUNCLONS ............ooiiiiiiiiiiiiiices e 1936
24.13.1 PWM OULPUL FUNCHION ...ttt ettt e s nn e ann e s nnneeennes 1936
N B I R O AV oY T PP URP TP 1936
24.13.1.2  EQUALIONS ...eeiieiiiiiiiiee ittt ettt ettt ettt e ettt ettt e e et e e e ab b e e nare e s 1938
24.13.1.3 Block Diagram and General Timing Diagram...........ccccceeeeeiieieieeeeeeeeeeeeeeeeeiieiinnnns 1938
24.13.1.4 Register Settings for the Master Channel ..o 1940
24.13.1.5 Register Settings for the Slave Channel(S) .........cccoviiiiiiiiiii e 1942
24.13.1.6 Operating Procedure for PWM Output FUNCLION ........ccccooviviiiieeiiiiiiiceeviin 1944
24.13.1.7 SpecCific TIMING DIAQIamS. ... ....coiiiiiiiiiieiiiiit ettt 1945
Section 25 Real-Time CIOCK (RTCA) .ooviiiiiieiieie ettt e e e e e e e e e eeeeeeanenes 1948
25.1 Features of RHB50/FLIL RTCA ..ooiiii ittt e e e e e e e e e e e e s eeeaneaeaeeeeeesaaannns 1948
25.1.1  Number of Units and Channels ..............ooeeiiiiiiiieiiiiiiee e 1948
25.1.2  RegiSter Base AQAreSS........cooi it a e e e 1948

25.1.3  ClOCK SUPPIY .. ettt ettt et e s et e e e e earaeas 1949



25.1.4  INTEITUPE REQUESTS ... ettt e et e e e e et r e e e e et e e e eeaab e e aeas 1949

25,15 RESEEI SOUICES ...ttt e e e e e e e e e e e ettt et e e et e tebe b e e e e e e e e e e e e aeaeaeaeeees 1949
25.1.6  External INpUt/OULPUL SIGNQAIS.........ovumiiiiiiiiie i e e e e e 1949
25,2 OVEIVIBW ..ottt ettt sttt ekttt e et e e ekt e ekt e e ea et e e et e et e e Rt e e R et e nn e e nre e n e 1950
25.2.1  FUNCHONAI OVEIVIEW ...civiiiiiiie ettt sttt et e s e s ne e e e 1950
A =1 (o Tod QB 1 =T | = o I PRSP RR T 1950
25.2.3  DeSCrption Of BIOCKS .......uvviiiiiieiiiie ettt 1951
A TRC T o (=T o 111 =T £ T PP 1952
25.3.1 LISt Of REGISIEIS ..ottt ettt e e e s e e e s e e e e 1952
25.3.2 Details of RTCA CONrol REQISIEIS .....uuiiiiiiiiiiiee ettt e e e r e e e e e e e e e s ennens 1953
25.3.2.1 RTCANCTLO — RTCA Control REQISLEr 0 .......ccuvvvireiiiiiiiieiniiiiee e 1953
25.3.2.2 RTCANCTL1 — RTCA Control REgISter 1 .......ccuvviieiiiiiiiieiiiiiieee i 1954
25.3.2.3 RTCANCTL2 — RTCA Control REQISIEN 2 .....uuvieiiiiieeeee ittt ee e e 1955
25.3.3 Details of RTCA Sub-Counter REQISLEIS .........uuiieiiiiiiiieiiiiiee e 1957
25.3.3.1 RTCANSUBC — RTCA Sub-Count RegISter..........ceeviivieiiiieiiiiee e 1957
25.3.3.2 RTCAnSRBU — RTCA Sub-Count Register Read Buffer ...............ccccoiiinnnnnn. 1958
25.3.3.3 RTCANSUBU — RTCA Clock Error Correction Register .........cccocvveeeeriniieeeeens 1959
25.3.3.4 RTCAnSCMP — RTCA Sub-Counter Compare Register............ccceevvvvvvevvvvrnnnnns 1960
25.3.4  Details of RTCA Clock Counter and Buffer RegiSters ..........cccoviiieeiiiiiiieeiiniiee e, 1961
25.3.4.1 RTCANSECC — RTCA Seconds Count ReQISter ..........uuvveiriieiieeiiiiieeeeiiiieeenn 1961
25.3.4.2 RTCANnSEC — RTCA Seconds Count Buffer Register .............cccceevvvvivvveiiinnnnnns 1962
25.3.4.3 RTCANMINC — RTCA Minutes Count REJISLEN .........ccuuviiiiiiiiiiiieiiiiee e 1963
25.3.4.4 RTCANnMIN — RTCA Minutes Count Buffer Register .........ccccccccvveeeeiiiiiiccnnnnnen, 1964
25.3.45 RTCANHOURC — RTCA Hours Count RegiSter .........ccccuuuiiiiiieiiiiaaeeeeiiiiiiiee 1965
25.3.4.6 RTCANnHOUR — RTCA Hours Count Buffer Register ..........ccccccevniiieeeeiniiieeenn, 1967
25.3.4.7 RTCAnWEEKC — RTCA Day of the Week Count Register ................ceeevvvnnnnen. 1968
25.3.4.8 RTCAnWEEK — RTCA Day of the Week Count Buffer Register ....................... 1969
25.3.49 RTCAnDAYC — RTCA Day of the Month Count Register...........cccccvvveerniineneen. 1970
25.3.4.10 RTCANnDAY — RTCA Day of the Month Count Buffer Register.......................... 1971
25.3.4.11 RTCANMONC — RTCA Month Count REQISIEr ........ccccuviiieiiiiiiie e 1972
25.3.4.12 RTCAnMONTH — RTCA Month Count Buffer Register ..........cccccovvviveeiinniinenen, 1973
25.3.4.13 RTCANYEARC — RTCA Year Count REQISLEN .....ccceeeeviiiiiiiiiiiiiiieeee e 1974
25.3.4.14 RTCANnYEAR — RTCA Year Count Buffer Register .........cccoccuvveeiiiiiieeiiiiiieeeenn 1975
25.3.5 Details of RTCA Special Counter and Buffer REQISLErS ...........coooviciiviiiiiiiieeeee e 1976
25.3.5.1 RTCANTIMEC — RTCA Time Count REQISIEr ........coeiiiiiiiiiiiiiiiieeee e 1976
25.3.5.2 RTCANTIME — RTCA Time Count Buffer Register..........cccocuviviinniiiieeiiiiieenn, 1977
25.3.5.3 RTCANCALC — RTCA Calendar Count RegiSter............ccceeeeeeveviveieeeiiiiiinnnn 1978
25.3.5.4 RTCANnCAL — RTCA Calendar Count Buffer Register...........cccccccveeieriiiniiiinns 1979
25.3.6  Details of RTCA Alarm Setting REQISEIS ......vvciiiiiiiiciiiieeir e e e 1980
25.3.6.1 RTCANnALM — RTCA Alarm Minute Setting Register.............ccccovvvrvrvrvvvvininnnnnnn. 1980
25.3.6.2 RTCANALH — RTCA Alarm Hour Setting RegiSter ..........ccccovvuieeieiiiiiieieniiieenn, 1981
25.3.6.3 RTCAnALW — RTCA Alarm Day of the Week Setting Register................c........ 1982
25.3.7  RTCA EMUIAtION REGISTEL ....coiiiiiiiiiiet ettt e et e e e e e e e e e e s 1983
25.3.7.1 RTCANEMU — RTCA Emulation REGISIEr.........cuuiiiiiiiiiiie e 1983

AT N O o 1= T 11 o] OO OTPPRPRP 1984
25.4.1  ClOCK COUNEI FOMMAL ....oiiiiiiiii ittt e ettt e e e e e e e e e e e e e e eeaaaeeeeeeaannnneeees 1985

25.4.2  Fixed Interval INterrupt FUNCHON ..........oiiiiiii it 1985



25.4.3  Alarm INterrupt FUNCHION .......cooi i e e e e e as 1985

P R O (o o3 Q= g (o] g o] 1 (=T o) o SR 1986
25.4.4.1  Setting the Correction Value and the Operator ...............coevcvvvvieiieeeeeeee e 1988

25.4.4.2 Impact of the Repetition INterval.............coooviiiiiiiii e 1988

25.4.4.3  SAMPIE SELNGS ..vvveieiiiiiieee e it e e e s s e s e e e e e e e e s e s reeaeeeaanaann 1989

25.5 Procedures for Setup, Writing and REAGING .........ocuurriieiiiiiiiieeiiiee e 1991
25.5.1 Initial Setting Of the RTCA ...t 1991
25.51.1 RTCA StOP PrOCEAUIE......cciiitiiiii ettt 1991

25.5.1.2 RTCA Initialization ProCeAUIE ...........uueiiiiiiiiiii e 1992

25.5.2  UPdating CIOCK COUNTEIS. .....ciiiiiiiiitieiiitiie ettt ettt e s e e e s e e e e neee 1993
25.5.3  Reading ClOCK COUNLEIS.....ccuiiiie e et ee e s e s st er e e e e e e e e s s eeeeaeeeeeaeaannnnes 1994
25.5.3.1 Procedure for Reading Count Buffer REgIStErS.........coooviiiiiiiiiieiiiiiieee e 1994

25.5.3.2 Procedure for Reading Counter Registers DIreCtly ........cccvvveeevieeeeeeiiniiiiciiiiennn, 1996

25.5.4 Reading RTCANSRBU ......ooiiiiiiiiiiie ittt te e et e e e et e e e s e nnbae e e e e e neees 1997
25.5.5  WIriting t0 RTCANSUBU.....coiiiiiiii it e e e e e e s e reeaeeeeeeseannnns 1998
25.5.6  WIriting t0 RTCANSCMP ....ouiiiiiiiiiiiie ettt ettt e e e et e e e s e stae e e e e snbae e e e e nnnees 1999

P22 T e T T T o TN =T | = 1o 4L 2000
25.6.1  TimiNgG Of COUNLEE ST .....cceii e e e e e e e e e e e e e eaeas 2000
25.6.2  Timing of Clock Counter Update while Counter Is Enabled .............ccoociviiiniiiiiiinnninn, 2001
25.6.3 Timing of Sub-Counter Read Buffer Reading while Counter is Enabled........................ 2002
Section 26 Encoder Timer (ENCA) ..ot 2003
26.1 Features of RHB50/FLIL ENCA .......oooiiiiiiieeie et e e e e e e e e e e e s s e enaeaeeeeeeseeanns 2003
26.1.1  Number of Units and Channels ..............oueiiiiiiiiieiiiiieer e e e 2003
26.1.2 RegiSter Base AQUreSS........ccooiiiiiiiieeeeir sttt aaaaa e 2003
26.1.3  ClOCK SUPPIY ...ttt e et e e s et e e e e b e e earaeas 2004
26.1.4  INTEITUPE REQUESTS ... ieeiiiii ettt e et e e e et r s e e e e et s e e e e e aabneeaeas 2004
26.1.5  RESEEI SOUICES ...ttt e e e e e e e e e e e e et et et et e e tebaban e e e e e e e e e e e aeaeaeaeeees 2004
26.1.6  External INpUt/OULPUL SIGNAIS.........uviuieiiiiiie e e e e e e 2004
26.1.7  Internal INPUL/OULPUL SIONE@IS ......evieieiiiiiiiie ittt 2005
26.2  OVBIVIBW ..ttt ettt ettt e e e e e a4 e o e a b bttt ettt et e e e e e e e e e e e anbebeeeeeeeeeaeeeeeeaaanreeeeaaaaeaeeans 2006
26.2.1  FUNCHONAI OVEIVIEW ....ceiiiiiiiiiiiitit ittt e e e e e e ettt e e e e e e e e e e e e aannbbneee s 2006
PG A =1 (o Tod g B IT=To | =12 PP STPOTPRPN 2007
PG TRC B o =T o 111 =T £ TP 2008
26.3.1 LISt Of REGISIEIS ..o iiitieiii ettt ettt e s e e e s e e e e aneee 2008
26.3.2 ENCANCTL — ENCARN CoNntrol REQISIEN .....cccoi ittt e e e e 2009
26.3.3 ENCANIOCO — ENCAN I/O Control REQISIEr O.....cccuvvvveeiiiiiiiieeiiiiee e 2011
26.3.4 ENCANIOC1 — ENCARN I/O Control REQISIEN L......cccuuviiiiiiiiiieee e e eecciinine e e ee e e e e e 2012
26.3.5 ENCANFLG — ENCAN Status Flag REGISLEr .........ccuuuiiiiiiiiiieiiiiiee e 2014
26.3.6 ENCANFGC — ENCAnN Status Flag Clear REQISIEN ........cccovviiiciiiiiiiiiiieecee e 2015
26.3.7 ENCANCCRO — ENCAnN Capture/Compare RegiSter O .........ccouvurrieeiniiiiireeeiiiieeee e 2016
26.3.8 ENCANCCR1 — ENCAN Capture/Compare RegiSter 1 .......ccccccoeiiicvvriinierireeeeeeeeesiinnns 2017
26.3.9 ENCANCNT — ENCAN Counter REJISIEN ........uvviiiiiiiiiie ittt 2018
26.3.10 ENCANTE — ENCAnN Timer Enable Status REQISLEr .........cceveeeiiiiiiiiiiiiiieieeeee e 2019

26.3.11 ENCANTS — ENCAnN Timer Start Trigger REQISIEr.......ccoocuiiiiiiiiiiiee e 2020



26.3.12 ENCANTT — ENCAnN Timer Stop Trigger ReQISter ...........covvvvvviiiiiiiiiiice e 2021

26.3.13 ENCANEMU — ENCAN EmMulation REGISIEr.........coiiiiiiiiiiiiiiee e 2022

(@] 1=7 = 11T o P PRPRPTR 2023
26.4.1  Timer CoUNtEr OPEIatiON........cicueiiieiiieeiee e e e e e ettt et e e e e e e e s e e e e et e e e eeeeaaaaeeeaaaannnenes 2023
26.4.2  Up/Down Control of TIMEr COUNLET ......uuuiiiiieieeeeieiciiiiiiie e e e e e e e e e e s st e eeeeae e e e e e snnnnnes 2025

26.4.2.1 When the ENCAnUDS1/ENCANUDSO Bits in the ENCANCTL Register = 00g... 2025
26.4.2.2 When the ENCAnNUDS1/ENCANUDSO Bits in the ENCANCTL Register = 01g... 2026
26.4.2.3 When the ENCAnNUDS1 and ENCANnUDSO Bits in the ENCANnCTL Register

I PO RROPRR PR 2027
26.4.2.4 When ENCANUDS1/ENCANUDSO Bits in the ENCANCTL Register = 115......... 2028
26.4.3  Timer Counter Clear Control by Encoder INPUL...........cooiiiiiiiiiiiiiiii e 2029
26.4.3.1 Clearing Method when ENCANSCE = 0.....ccccvviiiiiiiiieie et er e e e e e e 2029
26.4.3.2 Clearing Method when ENCANSCE = 1.......cccoiiiiiiiiiiiiiieeiieee e 2029
26.4.4  FUunctions Of ENCANCCRO ......coiuiiiiei ittt e e st e e e s b e e enneeas 2030
26.4.4.1  CoOMPAre FUNCHON .....cciiiiiiiiit ettt e e et e e e e e e e e e e e e aaes 2030
26.4.4.2  CAPLUIE FUNCHION ......tiiiiiei ittt ettt et et e et e e e e snnne s 2030
26.4.5 Functions Of ENCANCCRL ......ooiiiiiie ittt ettt e et e e e st e e e e enneeas 2031
26.4.5.1  COmMPAre FUNCHION........uuiiiieiiiiiie ettt s s 2031
26.4.5.2  CAPLUre FUNCHION ......uiiiii ettt ettt e e e saeaaeee s 2032
26.4.5.3 Timer Counter Clearing upon Compare Register MatCh...............cccvevvvvvviiinnnnnn. 2033
26.4.6  Startup/Stop Of TIMEr COUNTEI.........iiiiiiiiiii ettt 2034
b4 SR Tt R S - (1 o I ) 2L 2034
26.4.6.2  SEOP OF TIMEI ettt e e e e e e e e e e e e ennnes 2034
ENCARN SettiNg SEOUEBNCES. .....ceiiiiiiiiiitet ettt ettt et e e e e e e e e e et e e e et eeeeaaeaeesaaannnnerees 2035
26.5.1 ENCARN Setling PrOCEUUIE.........coee e e e e et e e e e e e aaeaas 2035
26.5.1.1 Initial Setting Procedure for the COUNLET ............eeiiiiiiiiiiiiiiieeeee e 2035
26.5.1.2 Initial Setting Procedure for Counter Clear.........ccccccceeviviicciivieiieiieee e 2036
26.5.1.3 Setting Procedure for ENCANCCRO REQISIEN .....cccviiiiiiiieeeiieieceeeeeeevv e 2036
26.5.1.4  Setting Procedure for ENCANCCRI1 REQISLEN .......cuiiiiiieiiiiiiiiiiiiiiieieeee e 2036
B0 11 o X = U TP PUPPRUURTRR 2037
26.6.1 Overflow Occurrence and Overflow Flag Clear Operation .............cccccccceeiieiiiieieeeeeeeeeeenn, 2037
26.6.2  Underflow Occurrence and Underflow Flag Clear Operation ..........cccoccveveeiniiieneennnnnn 2038
26.6.3 Count Clearing and Capture Operation by Encoder Clear Input (ENCANEC Pin).......... 2039
26.6.4  Conflict between Overflow Occurrence and Clear Operation by Encoder Clear Input
(ENCANEC PiN) oottt s ettt e ettt as s s e aeananans 2040
26.6.5 Conflict between Underflow Occurrence and Clear Operation by Encoder Clear Input
(SN (@7 AN T =L @ =1 o RSP PRT 2041
26.6.6  Overflow Operation Immediately after Startup .........ccocceviiiiii e 2042
26.6.7 Underflow Operation Immediately after Startup ..........ccooooriririieieer e, 2043
26.6.8 Using the ENCANLDE Function Immediately after Startup ..........cccccovviviiiieiiniiieieennee 2044
26.6.9 ENCANLDE Function (Loading Count Value)...........ccccoiiiiiiiiiiiieeeess e 2045
26.6.10 Conflict between ENCANLDE Function (Loading Counter Value) and Rewrite of
N[O AN {01 @ I 2 LT 11 (= SR 2047
26.6.11 Conflict between ENCANLDE Function (Loading Counter Value) and Clear Operation
by Encoder Clear Input (ENCANEC PiN) ....ccoooiiiiirs e 2048
26.6.12 Up-count after Conflict between ENCANLDE Function (Loading Counter Value) and
Clear Operation by Encoder Clear INPUL .........ccueeiiiiiiiiiiieeee e a e 2050

26.6.13 Capture Operation between Count Clocks (ENCANCCRL)......ccovvvviiviviiiiiiiiiiiiieeieeeeeeen, 2051



26.6.14 Capture Operation between Count Clocks (ENCANCCRO).........ccvvvvmiiiiiiiiiiiiiiieieeeeeeen, 2052
26.6.15 Encoder Operation when Compare Match Clear Control is Enabled and ENCANCTS =0
........................................................................................................................................ 2053
26.6.16 Encoder Operation when Compare Match Clear Control is Enabled and ENCANCTS = 1
........................................................................................................................................ 2054
26.6.17 Encoder Operation when Compare Match Clear Control is Disabled .............cccccoeennee. 2055
26.6.18 Capture Operation Performed upon Clearing by ENCAnNEC, ENCANEO, or ENCANE1
WHEN ENCANSCE T 1 ..ottt sttt e e et e e e s snb bt e e e s s tbae e e e s sntbaeeeee e 2056
26.6.18.1 Accompanying Capture OPEratiON ............ocueeeieiiiireeeeriiiieeee st e s e e eeneees 2056

26.6.18.2 When the Timing of the ENCANEC Input is Later than that of the ENCANE1 Input

during Up-count (When ENCANACL =1, ENCANnBCL = 0, ENCAnZCL = 1, and
ENCANUDSI[L:0] = 11R) - eetveeteeiureenieeetee sttt ettt sttt sttt e 2057

26.6.18.3 When the Timing of the ENCANEC Input is the Same as that of the ENCAnE1

Input during Up-count (When ENCANACL = 1, ENCAnBCL = 0, ENCANnZCL =1,
anNd ENCANUDS[L1:0] = 11R) e uueeeiureeeatreeiieeessiieeesiteeesbeeessieeesineaesneessnneeesnneeans 2058

26.6.18.4 When the Timing of the ENCANEC Input is Earlier than that of the ENCAnE1

Input during Up-count (When ENCANACL = 1, ENCAnBCL = 0, ENCANnZCL =1,
and ENCANUDS[L1:0] = 11R)...cuueeiiiiieiiiie ittt s 2058

26.6.18.5 When the Timing of the ENCANEC Input is Later than that of the ENCANE1 Input

during Down-count (When ENCANRACL = 1, ENCAnBCL = 0, ENCAnZCL =1, and

ENCANUDS[L:0] = L11R) . eeeirreeerireeenireeesreeesreeessmeee e e e sinee s 2059

26.6.19 Capture Operation Performed upon Clearing by ENCANEC when ENCANnSCE =0...... 2060
Section 27  MOLOr CONLIOI ....eiviiiiiiiiiee e e 2061
27.1 Features of RH850/F1L MOtOr CONLIOL .......coiiiiiiiiieeeee e 2061
27.1.1  Number of Units and Channels ...............ooiiiiiiiiiiiiiii e 2061
27.1.2  ReQIStEr BAaSE AUUIESS......uueiiiiiiiiiiiee ittt st s e e s e e e 2062
0 O T O (o Tor QST o) o] YR 2062
27.1.4  INTEITUPE REOUEST......eiiiiiiiiii ettt et e e e e e e e s s e e e e e ee e e e e e e aannene 2062
27.1.5  RESEBE SOUICES ...ttt e e e e e e ettt ettt et e be bbb e r e e e e e e e e e e e aeaeeees 2063
27.1.6  External INpUt/OULPUL SIGNAL.......cuuiiiiiiiiiiiee et 2063
27.1.7  Internal OULPUL SIGN@L.....cccoiiiiiiiiiie e e e e e e e e e e e eeneeees 2064
P O 1V V1= PSPPSR 2065
27.2.1  FUNCHONAI OVEIVIEW ....oiiiiiieeeiie ettt e e e e e e s e st e e et e e e e e e s e e s st eeeeaeaaeeeeseeannsnnenees 2065
27.2.2  Basic Structure of Motor CONLIOl ............euiiiiiiiiiiiiiii e 2066

A R T =1 (o Tod g B I =T | =10 O PP SPT TP 2067
27.2.4  Definition Of TEIMS ....uuiiiiiiiiieie et e e e e e e et e e e e e e e s e e ennees 2068
G T = U= |13 (=] £ 2069
A A T R N 1) o = L= ] (=] SRR 2069
27.3.2  TAPANCTLO — TAPA Control REQISLEr O .....cccuuviiieiiiiiiie ettt 2070
27.3.3 TAPANCTL1 — TAPA Control REQISIEr 1 ....ccceeeiiiiiiiiiiiieeeee e e 2071
27.3.4  TAPANFLG — TAPA Flag REQISIEI ....cciiiiiiii ettt 2072
27.3.5 TAPAnACWE — TAPA Asynchronous Hi-Z Control Write Enable Register .................. 2073
27.3.6  TAPAnACTS — TAPA Asynchronous Hi-Z Control Start Trigger Register.................... 2073
27.3.7 TAPANnACTT — TAPA Asynchronous Hi-Z Control Stop Trigger Register .................... 2074
27.3.8 TAPANOPHS — TAPA Hi-Z Start Trigger REgISter.........coocuiviiiiiiiiieeiniiieee e 2074
27.3.9 TAPANOPHT — TAPA Hi-Z Stop Trigger REQISTEN .........vvviiiiieeeeeiiiiiiiiieeeee e e e 2075
27.3.10 TAPANEMU — TAPA Emulation ReJISIEr ..........uuiiiiiiiiii e 2075



27.4  Asynchronous Hi-Z Control FUNCLON.........ccooiiiiiiiiiccccceeeees e e e e e e e 2076

P A S R © Y= = PO EP PP 2076
27.4.2  System Configuration EXampPIe ............oeeeiiiiiiiiiiiiiiii e 2076
P . T 7= Y [ @] 1= - LT ISR 2078
27.4.4  Asynchronous Hi-Z Control Using Software Trigger........ccceeaeaiiiiiiiiiiiiiiiieeea e 2080
27.4.5  Operating PrOCEAUIE .......uuuiiiiiiiiie e ettt e e e e e e s e e e e e e e e s e s st aereeeaaeaeesaannnns 2081
27.4.6  TAPAQO Hi-Z Control INput SEIECHION .........eeeiiiiiiieiiiie e 2082
A A = Lo 1) (= £ SRR 2083
27.4.7.1 PICOHIZCENN — Hi-Z Output Control Register n (N = 0) .......ccevevviiiiereniiiiieeenn. 2083
27.5 INT Signal Output Selection FUNCLION..........ooi i e e e 2084
27.5.1 Configuration of the INT Signal Output Selection Function.............cccccccvveeeeieee i, 2084
27.5.2  BIOCK DIBOIAIM ....ceiiiiiiiiiee ittt ettt et e et e e e e e e e e e e e enbn e e e e e ane e 2085
A TG T = L= 1) (= £ SRR 2086
27.5.3.1 PICOREG2n0 — Timer I/O Control Register 2n0 (N = 0) ....occvvvveeiniiirieeeiiiiieeeens 2086
27.6  A/D Converter Conversion Trigger Selection FUNCLON............ccuuiiiiiiiiiiiii e 2087
27.6.1 Configuration of A/D Converter Conversion Trigger Selection Function ........................ 2087
27.6.2  BIOCK DIBUIAIM ....eeiiiiiiiiieeiiit ettt ettt e ettt e e skt e e e e e e e e b e e e e aneee 2088
27.6.3 Waveforms of A/D Converter Conversion Trigger Output Control Operation in Triangle
PWIM MOGE ....cceieiiieie ettt e sttt e e s sttt e e e s anb e e e e e bt bee e e s anneeeeas 2089
27.6.4  Operating Procedure for A/D Converter Conversion Trigger Selection Function........... 2091
27.7 ADCA Trigger SeleCtion FUNCHON .........iiiii ittt e e e e e e e e e e e 2092
27.7.1  FUNCHONAI OVEIVIEW ....ceiiiiieeiii ittt e e e e e e e s et e e e e e e e e e e e e e snnbneeees 2092
P O O N o] | To [V = 11 [o] o IR PP PPT TP 2092
P . T S (=T |1 (= £ TP URPPR PR 2093
27.7.3.1 PICOADTEN4nj — A/D Conversion Trigger Output Control Register 4nj
LU O TR T O o ) TS 2093
27.7.4  EXAMPIE OFf OPEIALION.....eiiiiiiii ittt ettt e e e e e e e e et e e e e e e e e e e e e e e aans 2094
27.7.5  SEIUP FlOW.....iiiiiiii et e e e et e e e s e e e nnees 2094
27.8 Simultaneous Start Trigger FUNCHION ... e e e e e e ae e e e 2095
27.8.1  FUNCHONAI OVEIVIEW ....ceiiiiieiiiii ittt e e e e e e e e ettt e e e e e e e e e e e e e e annbaeaees 2095
AR N o] | 1o U= 11 o] IO PRP PRSP 2095
AR S RS T = (=T |1 (= £ TP PTURP PR 2096
27.8.3.1 PICOSSERO — Simultaneous Start Control Register O.........cccccceevviivieeeiiiinenenn, 2096
27.8.3.2 PICOSSER2 — Simultaneous Start Control Register 2............cccevvvvvevvevvvvinnnnnnn. 2096
27.8.3.3 PICOSST — Simultaneous Start Trigger Control Register.........ccccccceeviiiiiiinnnns 2097
27.8.4  EXGmPle Of OPEIratiON........uueeieiiiiiiie ettt ettt et e et e e e b e e e e enneees 2098
27.8.5  SEUUP FIOW..cci ittt et e e e e e e e s e bbbt e e e e e e e e e e aanaae 2099
27.9 Trigger & Pulse Width Measuring FUNCHON .............uuiiiiiiiiiaiai e 2100
27.9.1  FUNCHONAI OVEIVIEW ....ceiiiiieieiii ittt e e e e e e s et e e e e e e e e e e e e snnbnene e 2100
27.9.2  CONFIGUIALION ...tttk e e e et e e e e e bt re e e e s anbr e e e e eanbeas 2100
A TR T U= T 1S3 (=] = PR 2102
27.9.3.1 PICOREG31 — Timer I/O Control Register 31 ........ccoueeiiiiiiiiiiiiiiieeeeeee e 2102
27.9.4  EXAMPIE Of OPEIAtION.....ciiiiieeeeei i i ittt e e e e e e s ss e e e e e e e e e s se s reeereeaeaeaeesaaanns 2104
27.9.5  SELUP FIOW.. .ottt ettt e e e e e e e e e bbb e ae e e e e e e e e e e annaae 2106
27.9.6  Setting Examples for Operation FUNCHONS ...........oooviiiiiiiiiiiieice e e e 2109

27.10 A/D Trigger Encoder Capture FUNCLON .........uuuiiiiiieeer i e e e e e e e e essseaereeee e e e e e e e e e s s ennnes 2112



27.10.1 FUNCHONAI OVEIVIEW ... .ceveiieii ettt e e e et e et e e et e e et e s e aaa e s st e e saaessaaneesanes 2112

27.20.2  CONFIGUIALION ....eiiiiiiiiiie ettt bbbt e e e et b e e e e e st bt e e s e aabbe e e e e nbaeas 2112
A O IO T L= T 1S3 (=T =SSR RP 2113
27.10.3.1 PICOREG30 — Timer I/O Control Register 30 ..........ccccuuveieiiiriieeiiiiieee e 2113
27.10.4 Example Of OPEratiON.........cocviiiiiiiiiie et 2114
27.00.5  SEUUP FIOW.. ..ottt oottt et e e e e e e e e e s e aabb s beeeeeaaaeaeeeennraee 2115
27.10.6 Setting Examples for Operation FUNCLONS ..........cccooiiiiiiiiieiiie e 2116
27.11 Three-Phase PWM Output With Dead TiME .........uuiiiiiiieeeiiiiiiiiciiiieeer e e err e e e e e 2117
27.11.1 FUNCHONAI OVEIVIEW ..ot 2117
00 5 A o o o T8 =11 [ I 2117
A 0 N e B S (o 13 (T £ TSP PPOPPRP 2120
27.11.3.1 PICOREG2n2 — Timer I/O Control Register 2n2 (N = 0) ...cccvveeeeeeeeeeeeeeeceinennee 2120
27.11.3.2 PICOHIZCENN — Hi-Z Output Control Register n (N = 0) .......oovveviiiiireniiiiieeenn. 2121
27.11.4 Operation EXAMPIE........uuieiiiiieeeiii i a e e a e e e e s 2122
27.11.4. 1 PWIM OULPUL....eeiiiiiieitiei ettt ettt ettt ettt sbbe e ek e e e ssbe e e ssbe e e snbreesbeeesanneeenee 2122
27.11.4.2 OnNe-Phase PWM OUIPUL.........cetiiiiiiiiieeiiiieiee ettt e s 2122
27.11.4.3 SR FIP-FIOP CilCUIL ....ceeiiiiiiiiieiitiee ettt 2123
27015 SEIUP FIOW.....iiiiieei ettt e bbb 2131
27.11.6 Setting Examples for Operation FUNCHONS ............ccciiiiiiiiiiiece e 2133
27.11.6.1 TAUDN Settings (Active High EXample) ............ciiiiiiiiiiiiiieeee e 2133
27.11.6.2 PIC SELNGS «oooitteeeieeitieiie ettt ettt ettt e ettt e et e e e e st e e s s bb s e e e s annnneeaeas 2138
27.12 High-accuracy Triangle PWM Output with Dead TiMe ........ccooiiiiiiiiiiiiiiie e 2139
27.12.1 FUNCHONAI OVEIVIEW .......eoiiiiiiiiiiiii it 2139
P O A N o | 1o U= 11 o] IO PRSP 2140
P e T S (=T 1] (= £ PR TP TP 2142
27.12.3.1 PICOREG2n0 — Timer I/O Control Register 2n0 (N = 0) ....vvvvveeeeeveeeeeeieeieneenne 2142
27.12.3.2 PICOREG2n1 — Timer I/O Control Register 2n1 (N =0) ......ceeeeeevviiviiieeeeeeiiinenes 2143
27.12.3.3 PICOREG2n2 — Timer I/O Control Register 2n2 (N = 0) ......uveeeeeeiieieeniiiiiiiennee. 2145
27.12.3.4 PICOREG2n3 — Timer I/O Control Register 2n3 (N = 0) ...vvvvvveeeeeeeeeeeiee e, 2146
27.12.3.5 PICOHIZCENN — Hi-Z Output Control Registern (N =0) ........cceevviiiviiveiriiiiinnnnn 2148
27.12.4 OpPeration EXAMPIE .. ....ooi i 2149
27.12.4.1 Triangle PWM Output with Dead TiMe........cuuiiiiiieeeeiiiiiiiriieeer e e e e 2149
27.12.4.2 ONE-ShOt PUISE OULPUL.....coiiiiiiieiiiiee ettt e e e e e e e e e e 2149
27.12.4.3 U phase Combination Circuit (PFNOOL) ........cccouviiiiiiiiiieieiiiiiieee et 2150
27.12.4.4 Logical Operation Circuit (FNOI) (i =0 0OF 1) cvuvviriiiiiiieeeeeeesiiccininrerr e e e e e e e e e s e 2152
27.02.5  SEIUP FlOW.....iiiiiiie ettt et 2162
27.12.6 Setting Examples for Operation FUNCHONS ...........cccciiiiiiiiiiiice e 2164
27.12.6.1 TAUDN settings (active high example) ... 2164
27.12.6.2 PIC Settings (Active High EXamPIE).......cooiiiiiiiiiiiiiiiiiece e 2170
27.13 Delay Pulse Output With Dead TiME.........ciiiiiiiiiieiiiiee e 2171
27.13.1 FUNCHONAl OVEIVIEW .......coiiviiiiiiiiiii i 2171
A G B o o T 1=\ 4o ) o SRR 2171
27.13.2.1 TAUDN CONFIQUIALION ....eeiiiiiii ittt ettt e e e e e e e e e e nnes 2172

A A T B = (T o 13 (] £ T PP PPOPPT 2174
27.13.3.1 PICOREG2n2 — Timer 1/O Control Register 2n2 (N =0) .......cceeevvvvivivieeeeiiiiinenns 2174
27.13.3.2 PICOHIZCENN — Hi-Z Output Control Register n (N = 0) .......coeveiiiiiiereniiiiieeenn. 2175

27.13.4 Operation EXAmMPIE........cccooiiiiiieeieiicie et e et a e e e e e r e 2176



27.13.4.1 Delay pulse oUtpUt FUNCLION ......cooiiiiii i e e 2176

27.13.4.2 ONe-phase PWM OULPUL.......c.uuiiiieiiiiiiiee ettt 2176

27.13.5  SEIUP FIOW....oiiiiieiiiie et 2182

27.13.6 Setting Examples for Operation FUNCLONS ...........cooiiiiiiiiiiiiieceiecceee e 2185

27.13.6.1 TAUDN SEHINGS....eeiiiriiiiirieeiiiie sttt ar e e e e s nnneeeees 2185

27.13.6.2 Peripheral Interconnections SettiNgS..........ooocuuiiiiiiiiiiiee e 2190

Section 28 PWM Output/DiagnostiCc (PWM-DiIag) ........uveeriiiiiiiiieeaeeeiiieieiiiiiiiiieeeeeeens 2191

28.1 Features of RHB50/FLIL PWM-DIAQ........cccccuutririieiieeeeeiisiiiiiitiieeeeeeaee e e e s e s ssnnnsanseeeeeaaaeeesessnnnnns 2191

28.1.1  Number of Units and ChannelS ...........ccooouiiiiiiiiiiie e 2191

28.1.2  RegiSter Base AGAIESS......ccooiiiiiiiiieee ettt e et e e e e e e e 2192

P2 S G T O (o Tod QT o] o] 2P EESESRR 2192

28.1.4  INTEITUPE REQUESTS ... ettt et bbb e e e e e e e e e e e e e eeeeeas 2193

28.1.5  RESELSOUICES .......cuiiiiiiiiiiiiie e 2195

28.1.6  External INPU/OULPUL SIGNAIS ........viiiieiiiiiiieeiiiet et 2195

S I A 111 (=1 g F= LS T [ = | PSSR 2195

28.1.8  FUNCHONAI OVEIVIEW ....ciiiiiiiieiiiitie ettt et e e e e e e s s e e be bt e e e e e e e e e e e e e e anneeneeees 2196

P22 I N = 1o Yo I 1 -V | = o PSSR 2198

P A o (=T |11 =T £ TSROSO 2199

28.2.1 LISt Of REGISIEIS ..t eiite ettt ettt et e s e e e s e e e e ane e 2199

28.2.1.1 PWBANBRSM REQISIEI ....cciii ittt e ettt e e e e e e e e e e e e e e e e e e s ennnes 2200

28.2.1.2  PWBANTE REQISIEN .. ..ttt ettt ettt e e e e e nnn e 2201

28.2.1.3  PWBANTS REGISIEN ... .eteiiieiiiiiiee ettt ettt s 2202

28.2.1.4  PWBANTT REQISIEN ...eeiiiiiiiiiiie ittt e s 2203

28.2.1.5 PWBANEMU REQISLEN ...coiuviieiiiieiiiie ettt ettt sbe e snnee e 2204

28.2.1.6 PWGANCTL — PWGA Control REQISTEN .......ccooiiiiiiiiiiiiiiiie e 2205

28.2.1.7 PWGANCNT — PWM Cycle Count REQIStEer........ceiiiiieiieeeeeeieieeeeeeeeeeeivivi e 2205

28.2.1.8 PWGANCSDR — PWM Output Set Condition Register.........ccccccceeviiiiiiiiirinnnen. 2206

28.2.1.9 PWGANCRDR — PWM Output Reset Condition Register............coccuvvevevininneeen. 2206

28.2.1.10 PWGANCTDR — PWGA_TRGOUTn Generation Condition Register ................ 2207

28.2.1.11 PWGANCSBR — PWGANCSDR Buffer Register............ccoceiiiiiiiiiiiniec e 2207

28.2.1.12 PWGANCRBR — PWGANCRDR Buffer Register ...........coeccvviiiiiiiiieeee i 2208

28.2.1.13 PWGANCTBR — PWGANCTDR Buffer Register ........c.cccocveriiieiniee e 2208

28.2.1.14 PWGANRSF — Buffer Register Reload Status Register...........ccccccveeeiiiiiiiiinnaes 2209

28.2.1.15 PWGANRDT — Buffer Register Reload Trigger Register .......ccccccceeevvvieccvvvnnnnen. 2209

28.2.1.16 SLPWGAk — PWGA Synchronous Trigger Register (k=010 2) .......ccevvvvvvrnnnn. 2210

28.2.1.17 PWSANCTL REGISIEI...ccittiiiiitiie ittt ettt ettt et e e be e e nnae e e 2211

28.2.1.18 PWSANSTR REQGISLEN ....ieiuviiiiiriieiieie ittt nne e snn e nnnee e 2211

28.2.1.19 PWSANSTC REQISLEN ...eeiiueiieiiiieiiiie ettt ettt et sibe et e e beeesbe e e s snnee e e 2212

28.2.1.20 PWSANQUE] (j =010 7) REGISIEN ..ceeiuviiiiiiiieiiiee ettt 2212

28.2.1.21 PWSANPVCRx_y (x =00, 02,04 ... 70,y = 01, 03, 05 ... 71) Register............... 2213

28.2.1.22 PWSANEMU — Emulation Control REGISLEr ..........ccoeiiiiiiiiiiiiiiiiiiieieeeee e 2214

P2 TG T @ T o 1= = 1o TN o o Yo =T o [V = 2215

28.4  Operation Waveform Of PWM-DIaQ .......cccieiiiieieiiiiiiiis et s s s e e e e e e e e e e e eeaeeeaaarnnnnnn s 2217
28.4.1 PWM Waveform Output by PWGA and Operation Waveform for A/D Conversion

LI 1 T 1= G U o | USSR 2217

28.4.1.1 Basic Operation Waveform of PWGA ... 2217



28.4.1.2 Operation Waveform when Simultaneous Rewrite for PWGA is Executed......... 2218

28.4.1.3 Operation Waveform when Stopping and Resuming PWGA Operation ............. 2219

28.4.1.4 Waveforms of PWGA Operation with Specific Settings .......cccccceveeevvvviiicivnnnnen. 2221

28.4.2  Operation Waveform when A/D Conversion Trigger Occurs in PWSA ..........ccccceeevnine. 2222
28.5 PWM-Diag Related Functions in A/D Converter (ADCA) .......uuiiiiiiiiieiieeeee e 2223
28.5.1 ADCA registers when the PWM-Diag function is USed..............ccoevcviviiiiireiie e 2223
Section 29  A/D CoNVeErter (ADCA) ....ouuuuueiiiiiieie et e e e e e e et eeeatass s s s e e e e eeaaaaeeeeeansernnane 2224
29.1 Features Of RHB50/FLL ADCA ..ottt et e e sttt e e e s nnbe e e e s e nnnaeeee s 2224
29.1.1  Number of Units and Channels ..............ueeeiiiiiiiieiiiiiie e e e 2224
29.1.2 RegiSter Base AQUreSS........ccooiiiiiiiieee sttt aaaaa e 2225
20.1.3  ClOCK SUPPIY ...ttt ettt e et e e s et e e e e e e eabaeas 2225
29.1.4  INTEITUPE REQUESTS ... ieiiiiii ittt e e st e e e e et r e e e e et e e e eeaabneeaeas 2227
20,15  RESEEI SOUICES ...ttt e e e e e e e e e e e e e et ettt e teeae et ana e e e e e e e e e e e e eeaaaeaeeaes 2227
29.1.6  External INpUt/OULPUL SIGNAIS.........uvimieiiiiiee e e e e e e e 2227

P A O 1V V1= RS PSTR 2230
29.2.1  FUNCHONAl OVEIVIEW .....voiiiiiiiiiiii e 2230
20.2.2  BIOCK DIBUIAIM ....eiiiiiiiittee ittt et ettt e et e e st e e e et e e e et n e e e e ane e 2232

DA TR T o L= 1] (=] £ 2237
A T R I 1) o L= ] (=] RSP 2237
29.3.2  ADCA SPECIfIC REGISIEIS ....eeiiiiiiiiiite ittt e 2239
29.3.2.1 ADCANVCR]— Virtual Channel REQISIEN J......uuuriiiiiiiieee e e e 2239

29.3.2.2 ADCAnPWDVCR — PWM-Diag Virtual Channel Register ............cccccoiiiiurnnnen. 2241

29.3.2.3 ADCANDR] — Dat@ REQISIEN [...ciiiiueiiiiieiiiiiieie ittt 2242

29.3.2.4 ADCANDIRj — Data Supplementary Information RegiSter j...........cccccevevvvvvrnnnen. 2244

29.3.2.5 ADCAnPWDTSNDR — PWM-Diag Data RegISter...........ccveiiiuiiiiieiiiiiirieiiiineennn 2245

29.3.2.6 ADCAnPWDDIR — PWM-Diag Data Supplementary Information Register........ 2246

29.3.2.7 ADCANADHALTR — A/D Force Halt Register.........ccccceeeeieiiiiieiiieein 2247

29.3.2.8 ADCANADCR — A/D CoNntrol REQISLEN........cuuiiiiiiieieiiiiiiiiiieeee e 2248

29.3.2.9 ADCANMPXCURR — MPX CUurrent REQISLEN ......cvuvivieeeeiiiiiiiiiiiiieeeeeeee e e e e eennnens 2250
29.3.2.10 ADCANTHSMPSTCR — T&H Sampling Start Control Register...........cccccc.ovuvee. 2251
29.3.2.11 ADCANTHCR — T&H Control REgISter ..ot 2252
29.3.2.12 ADCANTHAHLDSTCR — T&H Group A Hold Start Control Register ................. 2253
29.3.2.13 ADCANTHBHLDSTCR — T&H Group B Hold Start Control Register ................. 2254
29.3.2.14 ADCANTHACR — T&H Group A Control RegiSter...........oooiiiuiiiiiiiiiieieeeeeeeees 2255
29.3.2.15 ADCANTHBCR — T&H Group B Control REQISter...........ccoovccuviiiiiriiieiee e 2256
29.3.2.16 ADCANTHER — T&H Enable REGISLEr .........ccoeviiiiiiieiiiiiiiie e 2258
29.3.2.17 ADCANTHGSR — T&H Group Select RegiSter.........coocuviiiiiiiiiiiiiiiieee e 2259
29.3.2.18 ADCANSMPCR — Sampling Control REQISter..........cccceviiiiiiiiiiiiiieie e 2261
29.3.2.19 ADCANSFTCR — Safety Control REgISter............cuuiiiiiiiiiiiiiiiiiiiieeeeee e 2262
29.3.2.20 ADCANULLMTBRO to 2 — Upper Limit/Lower Limit Table Registers0to 2....... 2263
29.3.2.21 ADCANECR — Error Clear REgISIEr ........ccvvvviiiiiiiiiiiiiei e 2264
29.3.2.22 ADCANULER — Upper Limit/Lower Limit Error Register.........cccccccvvviiiiiivrinnnn. 2265
29.3.2.23 ADCANOWER — Overwrite Error REQISIEr ........ccuuveiiiiiiiiie e 2267

29.3.3  Scan Group (SG) SPeCifiC REQISIEIS ......ccvvveiiieiiiiiie it 2268
29.3.3.1 ADCANSGSTCRx — Scan Group x Start Control Register ..........ccccccevvvvieeeenns 2268

29.3.3.2 ADCANSGCRx — Scan Group X Control Register...........cccccvvvvrririirieeee e 2269



29.3.3.3 ADCAnPWDSGCR — PWM-Diag Scan Group Control Register ............cc........ 2270

29.3.3.4 ADCANnSGVCSPx — Scan Group x Start Virtual Channel Pointer ..................... 2271
29.3.3.5 ADCANSGVCEPx — Scan Group x End Virtual Channel Pointer....................... 2272
29.3.3.6  ADCANSGMCYCRx — Scan Group x Multicycle Register .........ccccccccviiiinnnnnnnn. 2273
29.3.3.7 ADCAnPWDSGSEFCR — PWM-Diag Scan End Flag Clear Register ............... 2274
29.3.3.8 ADCANSGSEFCRx — Scan Group x Scan End Flag Clear Register ................. 2275
29.3.3.9 ADCANSGSTR — Scan Group Status RegiSter...........ooooiuuiiiiiiiiiiiiieeeiiee 2276
29.3.4  Hardware Trigger SPecCific REGISIEI........ccoiiiiiiiieiiiii e 2278
29.3.4.1 ADCANnSGTSELx — Scan Group x Start Trigger Control Register X.................. 2278
29.3.5  Self-Diagnosis SPecCific REJISIEIS. ......coiuiiiiiiiiiiii e 2280
29.3.5.1 ADCANDGCTLO — Self-Diagnosis Control Register O ..............cceeevvvvvvevvenininnnns 2280
29.3.5.2 ADCANDGCTL1 — Self-Diagnosis Control Register 1 ..........cccccceeeeeeeiiinniinnnnnee. 2281
29.3.5.3 ADCANPDCTL1 — Pull Down Control Register L.........cccccovviiiieieiiiiiieeeeiiiieeenn 2282
29.3.5.4 ADCANPDCTL2 — Pull Down Control Register 2...........cccceeeeeeveveveieeeviiin, 2283
29.3.6  Emulation SPeCific REGISTEN.......ocuuuiiiiiiiiiiie et 2284
29.3.6.1 ADCANEMU — Emulation Control REQIStEr.........ccvveeeieiiiiiiiiiiiiiieeeeee e 2284
PR © o T= ] -1 1o o P SPRPRR 2285
P2 TR o R 1 ¢ 11 F= LI ST= 1] o O O PP P P PUP PP 2285
PAS I A N T T =T gl [ T o T | 2286
29.4.3  ENAiNG A/D CONVEISION ....uuiiiiiiiiiieee ettt ettt ettt e sttt e e e e it ee e e e e seb e e e e s s nbe e e e e e annenes 2287
29.4.4 Example of Scan Group OPeration.............ucceieiiiieieeeeeeeieee e n e e e e e e e 2288
29.4.5 Channel RePEaAt MOUE. ........oiiiiiiiiiie ittt 2290
29.4.6 Example of Simultaneous Track and Hold Operation..............ccccevvvviiiiiiiiiiiiiiiiieee e, 2292
29.4.7  A/D Conversion with External Analog MUtIPIEXEY .........cooiiiiiiiiiiiiiie e 2294
29.4.7.1  A/D Conversion with PWM-Diag Enabled .............ccccccvveiiiiiiiiiiece e 2296
29.4.8 Example of Synchronous Suspend and Resume Operation .............cccccveeeeeriiiniiirinnnn. 2298
29.4.9 Example of Asynchronous Suspend and Resume Operation .........ccccceeevereeeereeiisiiiinnnns 2299
29.4.10 Error Detecting FUNCHONS ........oiiiii ettt e e e e e e e e e s 2300
29.4.10.1 Upper-Limit/Lower-Limit Error Detecting FUNCLON ............cccccviiiieiireeee s 2300
29.4.10.2 Overwrite Error Detecting FUNCLION .............uvviiiiiiiiiieii e 2300
29.4.10.3 SVSTOP OPEIALION ....cuvviiieeiiiiiiie e e ettt e e e sttt e e s stteee e e s stbre e e e s staeeeeesssbaeeeessraeeeaeaas 2300
29.4.11 Activating Scan Group by a Hardware Trgger......ccccuururirriieeieeeeeeeiiesiinireeeeeeeeeeeeesannnns 2304
29.4.11.1 Stopping Scan Group BY ADHALT .....cooiiiiiiiiiiiee et 2304
29.4.12 Scan ENnd INterrupt REQUEST .......ccoiiiiiiieeieeeee e ettt e e e e e e s s re e e e e e e e e e e e e nnnnes 2305
29.4.13 AJD EITOr INtErTUPE REQUEST . ....ciieiiiieei ittt 2306
29.5  Self-DIagnOStiC FUNCLON ... ...uuiiiiiie e s e e e e e e e e e e e e e e e e e e e ee e e as 2307
29.5.1 Diagnosis of A/D CONVErsioN CilCUIL ........cciieeeeeiiiiiiiiiiriiieireeeeeessesssinrirerrereeeaeeessssnnnnnn 2308
29.5.1.1  DiagnNOSLIC PrOCEAUIE ....cceiiitiiieeiittiiee ettt e ettt e et e e et e e e sbbe e e e s sabbeeee e 2308
29.5.2 Diagnosis of Channel MUIRIPIEXET ........uuuuiiiiiiiee e e e e e e 2309
29.5.2.1  DiagnNOSLIC PrOCEAUIE ......uuiiiiiiiiieieeeae ettt e e e e e e e s s bbb e e e e e e e e e e e e s e e annnbeseees 2310
29.5.3  DiagnosSiS Of OPEN PINS .....uiiiiiiiiiiiie ettt e eneees 2311
29.5.3.1  DiagnOStiC PrOCEAUIE ......uuviiiiiiiieieeeee e e ieeirtte e e e e e e e e e s s e s e e e e eaaee e e s s e annnnnneees 2312
29.5.4  DiagnosSis Of T&H CIFCUIL ......ceiiiiiiiiiieiiiit e e 2313
29.5.4.1 Diagnostic Procedure (in case of T&H circuit chO diagnosis)............cccoeeeevennnnnns 2313
29.5.4.2  Diagnosis MEChANISIM ........uuiiiiiiiiiiiie e 2315

29.6  Definition of A/D CONVEISION ACCUIACY .......cccvveiieeeeeeieieirurennnasasaaseesaaaaaaaaaaeeeeereresnsssrrrnrnnn 2316

P4 N A © E 7= To [ [0 (= PSPPSRI 2317



29.7.1 Range of Channel INPUt VOIRAQE .......ooovieiiiiiiiiie e 2317

PZAS I 2 \[0] (=1 o] a2V o] o] o= 11T N D= T | o SRR 2317
Section 30 Key Return (KR)......oo oottt 2322
30.1 Features of RHBS50/FLL KR .......uuiiiiiiiiiiiee s ciiiie sttt e sttt e st e e e st e e e s nssteeeaesnnaaaeeesnnnseeas 2322
30.1.1  Number of Units and Channels ... 2322

30.1.2  REQIStEr BASE AUUIESS .....iiveiiiei ittt ettt ettt et e et e e s s e e e neee 2322

100 0 I S O (o Tox QRS T U o] o] V2RO 2323

30.1.4  INTEITUPL REQUESES ......coiiiieiiieeeeee et e e e e et e et e e e e e e e e e e e e e e e neeeeeees 2323

30.1.5  RESEE SOUICES ... ittt et e e e e e e e e e et et e et eete et be bttt bt s e s e e e e e e e e e aaaaaaaaeeaens 2323

30.1.6  External INPUY/OULPUL SIGN@IS......coiuriiiieiiiiiiee ettt e e et e e e st eee e e 2323

G0 O 1Y o T USSP 2324
30.2. 1 FUNCLIONAI OVEIVIBW .....uetiiiiiiieeee ettt e e e e e e ettt ettt e e e e e e e e e e s annbeebeaeeeeaaaaaaeeaaaanns 2324

110 2 =1 (o Tox [ D= To | = 11 LTSRN 2324

110 JRC T o =T o 11 (=] T PSP 2325
30.3.1 LISt Of REQISIEIS ..ottt e e e et e e e e e e e e e e s s e eeeeeeaaeeeeaaann 2325

30.3.2 KRNKRM — Key Return Mode REQISIEN........uiiiiiiiii e 2325

L0 © o1 - 11 o] o I PSSR 2326
30.4.1 Interrupt REqUESTE INTKRIN ...ciiiiiii it e et e e e ae e e aees 2326
Section 31  FUuNnctional SAFEtY .........oooiiiiiiiiii e 2327
3 I O © 11T 4T PSSR 2327
Section 32 Data CRC (DCRA) ..ottt 2329
32.1 Features of RH850/FLIL DCRA ..o 2329
32,11 NUMDBEE Of UNIES ittt ettt e e e e e e e e e e e e e eeaaaaeeannns 2329

32.1.2  REQIStEr BASE AUUIESS .....ouiiiiie ittt ettt e e e 2329

R 7 I B O (o To QT U o] o] V7SR 2330

3214  RESEE SOUICES ... iieeeeiieiee ettt e r e e e e e e et et et e e et e e e e n e e n e e e e e e e e e e e e e neeeeeees 2330

I © 1V - o T PRSP 2331
32.2. 1 FUNCLONAI OVEIVIBW .....viiiiieieieeee e e s ie ettt e e e e e e s e e st e e e e eeeeeeesessnnennbeaneeeaeaaeeesaananns 2331

32.2.2  BIOCK DIBGIAIM ...ttt ettt e e e e e e e et e e e e e e e e e e e e e 2331

32.2.3  OPEratioNal CiFCUIL.........ceeiiiiiiiieeiiiiit ettt e e e e e e b e e e e eaeee 2332

e B o (=T o |1 =] £ T OO O PP PPTPPT PP 2333
G Tt R I 1~ o) 2 L= 1S3 (=] =SSR 2333

32.3.2 DCRANCIN — CRC INPUL REQISTEN .....eiiiiiiiiiiieeee et e s er e e e e e e e e e 2334

32.3.3 DCRANCOUT — CRC Dat@ REQISIEN .....ccciiiiiiiieeeiiiiiiie et eeiee et e siiee e 2335

32.3.4 DCRANCTL — CRC CONtrol REISTEN ......vviiiiiiiiiiiieee ettt ettt e s iiaeee e 2336

K N © o 1=T = 11 o] I PP PR PPRP P 2337
Section 33 Intelligent Cryptographic Unit (ICUSB) ........cooiiiiiiiiiiiiiiiiieee e 2338
Section 34  On-Chip Debug UNit (OCD) .....uuuuiiiiiiiiee e e e eeeeeaaaenns 2339

34.1  Overview Of RHB50/FLL OCD ......coiiiiiiiiiiiiiiiiiiei ettt e s s s 2339



G It KO ¥ o Tex 10 g F= I @ A= ] V(51N 2339

34.2  Peripheral Break CONMrOl .........ccocuiiiiiiiii et e e e e e e e e e s s e s aaeeeeaaeseaanns 2341
G B = L= 1] (= = S PPREEPRRR 2343
34.3.1 EPC — Emulation Peripheral Control REgQISLEr ...........ccooiiiiiiiiiiiiiiiie e 2343
34.4  Cautions on Using ON-Chip DEDUGGING.....c.iuurrrieeiiiiiiieeiiiiit et e s 2344
34.4.1 Treatment of Devices Used for DebUGQING ........cccoviiimiiiiiiiiiiieeiicce e 2344
34.4.2 Reset Assertion When a Debugger is connected...........ccccvviviieieeieee e 2344
34.4.3 Transition to DeepSTOP Mode When a Debugger is connected............cccccevvvveeeernnnnn 2344
Section 35 FIash MEMOIY ......ccooo e e e e e e e e e e e e e e eeeeaaanaaes 2345
5.1 FBAIUIES.... ittt e a e e e e e e e 2345
35.2  SHUCIUIE Of MEBMIOIY ittt ettt e e e e e e et e e e et e e e e e e eeeeessaannsnntrataeeeeeaaeesaeaanns 2346
35.2.1 Mapping of Code FIash MEMOTY .........cccoiuiiiiiiiiieie e e e er e e e e e e 2346
35.2.2  Mapping of Data FIash MEmMOTY ... 2347
35.3 Operating Modes Associated with Flash Memory ..........ooovvviiiiiiiii e 2348
35,4 FUNCHONS ...ttt ettt r e et n et e bt e s ekt e et e e n et e e ne e e ena 2349
35.4.1  FUNCHUONAI OVEIVIEW ....cciviiiiiiieeiieie sttt ettt e s e s e s e e s nnne e s ann e e e e e 2349
35.5  Serial PrOgrammMiNg ........oiiueeeieiiiieiee ettt e st e e e e e e s ab et e e s s asab et e e s e aabb e e e e e abbae e e nnbreas 2354
35.5.1  Environments for Programming............coueeeeeoiiirieeoiiiieeee et eessineeeeessnneeeeessnneeeeeeans 2354
35.6  COMMUNICALION MOUES .. ...ttt e e e e e e e e e s e s e bbb e aeeeeeaaeeeannns 2355
35.6.1 Asynchronous Flash Programming Interface - 1-Wire UART ..., 2355
35.6.2  Asynchronous Flash Programming Interface - 2-Wire UART .......cccceeiiiiiieeieniiiiieeeens 2355
35.6.3  Synchronous Flash Programming Interface CSl ............ooeiiiiiiiiiiiiiiiiiiiiiiiieceee e 2355
35.6.4  Selection of Communication Method..............ocoiiiiiiiiiiiiiiii e 2356
35.7  Self-PrOgramiMiNg .....ccccoiiiiiiieiiiiee ettt et e e e r b e et e e e s b e e nr s 2357
T R O 11 {1 L= OO URP PR 2357
35.7.2  Background OPEratioN...........cuiiiueeiireeeiieeesrieesieee s e st e e ssne s sne e 2358
35.7.3  Enabling Self-Programming...........cccceiiiiiiiiiiiiiiiiiii 2358
35.7.3.1  FLMDCNT REQISIEI .. .eeeiiiiiitiieiie sttt ettt ettt e et e e snaaeee s 2358

35.8  Reading FIash MEMOIY......cooi ittt st et e e s nnb e e e e s nneneeeas 2359
35.8.1 Reading Code FIash MEMOIY ..........eeiiiiiiiiiiiie ettt e e 2359
35.8.2 Reading Data Flash MemOIY ...t a e e e e 2359
35.8.2.1 EEPRDCYCL — Data Flash Wait Cycle Control Register .............ccccccceeivinnnen. 2360

35.8.2.2 PRDNAMEnN — Product Name Storage Register (N =110 3) ....coocvveveeriiiieenenns 2361

35.9 ECC Error Detection and Correction for Code Flash MemOry ..........cccovcieiiiiiiiiieiniiiiee e, 2364
35.9.1 Outline of ECC Functions for Code Flash Memory .........cccueeeiiiiiiiiiiiiiiiiiiieeeeeeeeeen 2364
35.9.2  INTEITUPL REQUEST ... .ottt e e e e e e e e e s e e e e e s 2364
35.9.3  REOISIEIS ..ttt ettt e e e e e e e et e et e e e e e e e e e e bbb e e e e eeaaenaaaaa 2365
35.9.3.1 LISt Of REQISIEIS....uiiiiiiiiiee i e e e e e e e e e e e e e e e e e e nnnnes 2365

35.9.3.2 CFECCCTL — Code Flash ECC Control RegiSter.............cceevvvvvvivviveeiiiviiinn 2366

35.9.3.3 CFFSTERSTR — Code Flash First Error Status Register...........cccccoevviiiiirnnnen. 2367

35.9.3.4 CFFSTSTC — Code Flash Error Status Clear Register ........cccccccvvvveeeeeiiiiiicnnns 2368

35.9.3.5 CFOVFSTR — Code Flash Error Overflow Status Register ..............ccccevvvvvrnnnns 2368

35.9.3.6 CFOVFSTC — Code Flash Error Overflow Status Clear Register...................... 2369



35.9.3.7 CFERRINT — Code Flash Error Notification Control Register ...........ccc.ocvvvvnnn. 2369

35.9.3.8 CFFSTEADR — Code Flash First Error Address Register ...........ccccvveviiiieeeeens 2370

35.9.3.9 CFTSTCTL — Code Flash Test Control RegiSter...........ccccccvvvvierieeiieeeee s 2371

35.10 ECC Error Detection and Correction for Data Flash Memory ..., 2372
35.10.1 Outline of ECC Functions for Data Flash Memory .........cccccciiiiiiiiiiiiiniieeee e 2372
35.10.2  INLEITUPL REOQUEST.....uuiii ittt sttt e e e et e e e e ee b e e e e e e aabn e e e e e eebanaeeaeeeenes 2372
35.10.3  REQISTEIS ...eeeieiitiiiee ettt e et e et e e e st b et e e e e bt e e e e b et e e e e aa e e e e e nb e e e e e nbree e e neee 2373
35.10.3.1 LISt Of REQISIEIS...eeeiiiiiee i et e e e e e s r e e e e e e e e e e e ennnenes 2373
35.10.3.2 DFECCCTL — Data Flash ECC Control Register...........ccccuviiiiiiiiiiieeiieiiiiines 2373
35.10.3.3 DFERSTR — Data Flash Error Status Register.........cccceevviiiieieiiiiiiiee e 2374
35.10.3.4 DFERSTC — Data Flash Error Status Clear Register............ccccevvvvvvvvevivnvnnnnnnn. 2375
35.10.3.5 DFERRINT — Data Flash Error Notification Control Register ..............c.cccuvuueee. 2375
35.10.3.6 DFTSTCTL — Data Flash Test Control RegiSter.............coourieieieiniiieeeeiiiieeeenn 2376

35.11  OPLION BYLES ...eiiiiiiiiiiie ettt ettt e e e et e e n et e e n e e e s anne s 2377
35.11.1 OPLioN BYte SEING.......uuueeiiiiiieeiieee ettt e e e e e e e e e e s abb e beeeeeeeaaea s 2377
35.11.2 OPBTO — OPtiON BYLE 0 ..uvvieiiiiiieiieeeiiiiiiiiiiieeieeeee e e e e s s sssssteeeanereeaaeeees s e snsssennneeeneeeeeeeeas 2378
35.12  USAQGE NOLES ...ttt ettt e e ettt e e e e e et e e e e e et e e e e e e s a e re e e e e e e 2380
SECHON 36 RAM ..t e ettt e e e e e e e e e e e e e e eeeerraraaa 2381
0T R T 1 (1 S S PP 2381
36.2  MemOry CONfIQUIATION .......eeiiiiiiiieieiii ettt e e st e e s et e e e e nn e e e e s nnneeeas 2382
36.3 ECC Error Detection and Correction for Local RAM............coiiiiiiiiiiiiiiic e 2383
36.3.1  Outline of ECC FuNnctions for LOCAl RAM ........ccooiiiiiiiiieieie e 2383
36.3.2  INEEITUPL REQUEST ... ...ttt e e e e e e e e e 2384
36.4  REOISTEIS...cii ittt ettt st n et e e s 2384
L St R N 1Y o) 2 L= 1S3 (=] =R 2384
36.4.2 LRECCCTL — Local RAM ECC Control REQIStEr .........cceiiiiiiiieeiiiiiieee et 2385
36.4.3 LRFSTERSTR — Local RAM First Error Status Register ............c.uuvviiiiiiiiiiiiiiineeeeeen, 2386
36.4.4 LRSTCLR — Local RAM Error Status Clear REgIStEr.........ccuvvvieiiiiiiiiee e 2387
36.4.5 LROVFSTR — Local RAM Error Overflow Status Register ...........oooviiiiiiiiiiiineeeeene, 2388
36.4.6 LROVFSTC — Local RAM Error Overflow Status Clear Register...........ccceveeiniiiieeeennns 2389
36.4.7 LRFSTEADRO — Local RAM First Error Address Register O .........oooovvvvviviciiiiiiieeeeennn, 2390
36.4.8 LRERRINT — Local RAM Error Notification Control Register..........ccccovvvveeeiiniiiieeeennns 2391
36.4.9 LRTSTCTL — Local RAM Test Control REQISIEr ........cccoeeeeiiiiiiieee e 2392
36.4.10 LRTDATBFO — Local RAM Test Data Read BUffer O.........cccvvveeeeeiiiiiiiiiiiieccceeeeee 2393
Section 37 BOUNUAIY SCAN .....ccooiiiiiiiiiiiiiieie ettt e e e e e e e e e e e e eeeeeeesannnes 2394
A I O 1Y o T TR TP PUUPURPRRP 2394
7.2 FRALUIES..... ittt e e e e e e e e e e e 2394
37.3  External INpUt/OULPUL PiNS........ccoiiiiiiiii 2396
A N = Lo 15 (=] g D= ] o] (0] 1 PR 2397
37.4.1  Instruction REGISIEN (SDIR).....cciiiiiiiiie ittt et e e e 2398
37.4.2 D REQISEN (SDID).....eiiiiitiieitit ettt ettt ettt b et nn e nne e e 2398
37.4.3  Bypass RegiSter (SDBPR)......ccuuiiiiiiiieiiiiiiie ettt a e 2398

37.4.4 Boundary Scan Register (SDBSR)........coouiuiiiiiiiiiiiiie i 2398



A T © 1= - 1o I 2399

37.5. 1 TAP CONIOIEE ...ttt e e e sn e e nne e 2399
37.5.2  SUPPOIEd INSIIUCLIONS. ....ceiiiiieeei ettt ettt e e e e e e e e eeeeaaaaaeeaaeaans 2400
37.5.2.1  BY P ASS .. 2400

37.5.2.2  SAMPLE/PRELOAD. ..ottt ittt ettt san e sne e 2400

37.5.2.3  EXTEST ittt ittt ettt bbbt e e be e b e e e 2400

37.5.2.4  IDCODE ....oiiitiieiiie ettt 2400

37.5.3  Pins Subject to BOUNAArY SCAN ........cccoiiiiiiiiiiiiiiie et 2401
7.6 USBOE NOUES ...ttt ettt e e e e e e et ettt ettt e e e e s e e e e e e e e e eeeeeeeeeeee e s eebbebn b e as 2402
Section 38 Power Supply and Power DOMAINS .............coovvviiiiiiiiiiiiiiiee e eeeeeeeeeeeeeeeanenns 2403
1 T R U o o1 1o o OO P T OU PR PPR PRSPPI 2403
38.1.1  POWET SUPPIY PINS ..ot e e s e et e e e e e e s e rraaaaeaeaaaans 2404
38.1.2 Block Diagram of POWEr DOMAINS.......ccoiiuiiiiiiiiieiie e ettt e e e e e e e eeeaaaeeas 2405
38.1.3 Power DOmains ArrangEMENT ........ccoiiiiiiiiiiiieireeeee e e e e s s s et e e e e eaeeees e s s s snrenrerareeeaaaees 2407

APPENTIX AL PIN LIST ..t 2408



LENESAS

RH850/F1L
RO1UHO390EJ0133
RENESAS MCU Rev.1.33
Apr 20, 2016

Section 1 Overview

1.1 RH850/F1L Product Features

The features of the RH850/F1L are described below.

The RH850/F1L is a 32-bit single-chip microcontroller with a G3K core. The key features of the F1L
are low power consumption, high computational processing power, and a wide variety of internal
peripheral functions. To reduce supply current in a variety of applications, a wide range of power
reducing measures are available. For example, there is a Low Power Sampler (LPS), that can poll
signals input to the analog and digital input pins without using the CPU, and DeepSTOP mode, in
which the power supply to the most circuits of the microcontroller can be turned off.

Applications

The RH850/F1L is ideal for automotive electronics such as BCM (body control module), gateway,
HVAC, lighting modules, and many others.
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111

RH850/F1L Functions

Table 1.1

Overview of Product (1/2)

Product Name

RH850/F1L

48 pin

64 pin

80 pin

100 pin

144 pin

176 pin

Memory

See Table 1.2, Product Lineup.

External memory interface (MEMC)

Not provided

Provided
(20 bit Address
Bus)

CPU

CPU System

G3K

CPU frequency

80 MHz max.
(ECO)*2

80 MHz max. (ECO/Gateway-512 KB)*2
96 MHz max. (ADVANCED/PREMIUM/Gateway-1 MB)

System Register
Protection Unit (SRP)

Provided

Memory Protection Unit
(MPU)

Provided

DMA

16 channels

Operating
clock

Main Oscillator
(MainOSC)

810 24 MHz

Low Speed Internal
Oscillator (LS IntOSC)

240 kHz (typ.)

High Speed Internal
Oscillator (HS IntOSC)

8 MHz (typ.)

PLL

ECO/Gateway-512 KB: 80 MHz max., ADVANCED/PREMIUM/Gateway-1 MB: 96 MHz max.

Sub Oscillator
(SubOSC)

Not provided

32.768 kHz

1/0 port

33

49

65

81

120

150

A/ID
converter

ADCO | Physical input

channels

Total 12 ch
(12 bit resolution:
8 ch + 10 bit
resolution: 4 ch)

Total 21 ch
(12 bit resolution:
10 ch + 10 bit
resolution: 11 ch)

Total 25 ch
(12 bit resolution:
11 ch + 10 bit
resolution: 14 ch)

Total 36 ch
(12 bit resolution:
16 ch + 10 bit
resolution: 20 ch)

Total 36 ch
(12 bit resolution:
16 ch + 10 bit
resolution: 20 ch)

Total 36 ch
(12 bit resolution:
16 ch + 10 bit
resolution: 20 ch)

External
multiplexer
support for
channel
number
extension

Provided

Channels with
T&H

ADC1 | Physical input

channels

Not provided

Total 12 ch
(12 bit resolution:
8 ch + 10 bit
resolution: 4 ch)

Total 24 ch
(12 bit resolution:
16 ch + 10 bit
resolution: 8 ch)

External
multiplexer
support for
channel
number
extension

Not provided

Channels with
T&H

Not provided

Timer

Timer Array Unit D
(TAUD)

1 unit (16 bit resolution timers x 16 channels /unit)

Timer Array Unit B
(TAUB)

Not provided

1 unit (16 bit resolution timers x 16
channels /unit)

2 units (16 bit
resolutiontimers
x 16 channels /
unit)

Timer Array Unit J
(TAUJ)

1 unit (32 bit resolution timers x 4 channels /unit)

2 units (32 bit resolution timers x 4 channels /unit)

Operating System
Timer (OSTM)

1 unit

Real-Time Counter
(RTCA)

Not provided

1 unit

Encoder Timer (ENCA)

1 unit

Window Watchdog
Timer A (WDTA)

2 units
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Table 1.1 Overview of Product (2/2)
RH850/F1L
Product Name 48 pin 64 pin | 80 pin 100 pin 144 pin 176 pin
Serial Clocked Serial Interface 1 channel 2 channels
interfaces | G (CSIG)
Clocked Serial Interface 1 channel 3 channels 4 channels
H (CSIH)
CAN Interface 1 channel 3 channels 3 channels 3 channels 4 channels 6 channels
(RS-CAN) (Total 80 message |(Total 240 message | (Total 240 message | (Total 240 message | (Total 320 message | (Total 480 message
buffers) buffers) buffers) buffers) buffers) buffers)
for except F1L  |for Code Flash size
Gateway 1 MB and less
6 channels
6 channels (Total 480 message
(Total 480 message buffers)
buffers) for Code Flash size
for FIL Gateway | 1.5 MB and more
LIN/UART Interface 1 channel 2 channels 3 channels 4 channels 6 channels
(RLIN3)
LIN Master Interface 2 channels 3 channels 6 channels 10 channels
(RLIN2)
I2C Interface (RIIC) 1 channel
External | Maskable 8 | 12 13 16
Interrupts
P Non-maskable (NMI) 1
Other Clock Monitors (CLMA) For PLL, HS IntOSC, MainOSC
functions
Data CRC (DCRA) 1 channel | 4 channels
Low-Voltage Indicator Provided
(WD)
Power-On-Clear (POC) Provided
Core Voltage Monitors Provided

(CVM)

Error Correction Coding

For Code Flash, Data Flash, Primary Local RAM ,

(ECC) Secondary Local RAM, Retention RAM, CSIH, RS-CAN

Low Power Sampling Provided

(LPS)

PWM diagnosis 13 channels 24 channels 48 channels 64 channels 72 channels

(PWM-Diag)

Motor Control 1 unit

Key Return (KR) 6 channels 8 channels

CLOCK OUTPUT Provided

(FOUT)

RESET OUTPUT Provided

(RESETOUT)

ICUSB Not provided Not provided (ECO/Gateway-512 KB)*2
Provided (ADVANCED/PREMIUM/Gateway-1 MB)

On-Chip debug (OCD) Provided

Boundary Scan Provided

Voltage Internal supply

Vpoc*t t0 5.5 V

I
supply Input/output buffer

supplies

Vpoc*t t0 5.5 V

A/D Converter supplies

3.0t055V

Package

48 pin LQFP 64 pin LQFP 80 pin LQFP 100 pin LQFP 144 pin LQFP 176pin LQFP

Note 1. Vpoc is the voltage level of power-on-clear circuit.
Refer to the data sheet for detailed specifications of electrical values.

Note 2. ECO (products in the eco range) is a standard product operating at 80 MHz.
ADVANCED (products in the advanced range) is a product having an ICUSB™) and whose CPU performance is enhanced
to operate at 96 MHz.
PREMIUM (Products in the premium range) is a product having an ICUSB®™) and 64-Kbyte data flash memory and whose
CPU performance is enhanced to operate at 96 MHz.
Gateway-512KB (512-Kbyte Gateway products) is a 100 pin product having six CAN channels.
Gateway-1MB (1-Mbyte Gateway products) is a 100 pin product having six CAN channels and an ICUSB®™), and whose
CPU performance is enhanced to operate at 96 MHz.
“F1L for Gateway” is the general term for both Gateway-512KB and Gateway-1MB.

*|CUSB: Intelligent Cryptographic Unit Slave B
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RH850/F1L Section 1 Overview

1.1.2 Internal Block Diagram

System control

MainOSC
Code flash
(512 KB (max.)) LS IntOSC
HS IntOSC
CPU subsystem ¥ PLL STBC
Primary local RAM*! G3K >
32 KB (max.) INTC
CPU core Debug controller CLMA CcvMm
(3 ch) (1 ch)
Retention RAM DMAC
(32 KB) MPU, SRP LvI POC LPS
Y
F 3
Data flash
(32 KB) Port
A A
A A A/ A 4

PBUS
A [ 4

i ¢ A y Y y
Timer Communication DCRA Analog KR
oS RLING (1 ch) ﬂ (6.ch)
(1 unit) 1ch (1 unit)

PWM-Diag WDTA RLIN2
(13 ch) (2 units) (2 ch)

TAUD CSIH
(1 unit) (1 ch)

TAUJ CSIG
(1 unit) (1ch)

ENCA RS-CAN
(1 unit) 1ch
i

Note 1. The primary local RAM is not supported by 256-Kbyte products.

Figure 1.1 Internal Block Diagram (RH850/F1L 48 pin)
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RH850/F1L Section 1 Overview

System control
Code flash
(VB (man)
CPU sub system ¥ PLL STBC
Primary local RAM*? G3K N
(96 KB (max.)) INTC
CPU core Debug controller CLMA CcvMm
(3 ch) (1 ch)
Retention RAM
© ?22'°K”B> MPU, SRP DMAC LVI POC LPS
A
. A
Data flash .
(32 KB) ICUSB*! Port
A A A
A J A J A J A J A 4
PBUS
¢ A A 1 A
\ A\ Y y Y
Timer Communication DCRA Analog KR
OSTM RLIN3 (1.ch) ADCA (8 ch)
(1 unit) 2ch (1 unit)
PWM-Diag RLIN2
(24 ch) (2 units) (2 ch)
TAUD CSIH
(1 unit) (1 ch)
TAUJ CSIG
(1 unit) (1 ch)
ENCA RS-CAN
(1 unit) (3ch)
=
Note 1. ADVANCED only
Note 2.  The primary local RAM is not supported by 256-Kbyte products.
Figure 1.2 Internal Block Diagram (RH850/F1L 64 pin)
RO1UHO390EJ0133 Rev.1.33 RENESANS Page 69 of 2415

Apr 20, 2016



RH850/F1L Section 1 Overview

System control

MainOSC
Code flash
(1 MB (max.) LS IntOSC
HS IntOSC
CPU sub system ¥ PLL STBC
Primary local RAM*2 G3K >
(96 KB (max.)) INTC
CPU core Debug controller CLMA CVM
(3 ch) (1 ch)
Retention RAM DMAC
(32 KB) MPU, SRP LVI POC LPS
A
Data flash 1
ata flas .
(32 KB) ICUSB*! Port
A A Y
4 4 4 y A 4
PBUS

¢ ¢ A ]
A\ 4 Y y
Timer Communication DCRA Analog KR
OSTM RLIN3 (4.ch) ADCA (8 ch)

(1 unit)

(1 unit) (3 ch)
PWM-Diag ’ WDTA ‘ ’ RLIN2 ‘
(24 ch) (2 units) (2 ch)
L a8 ]
’ TAUJ ‘ ’ CsSIG ‘
(1 unit) (1 ch)
=
’ Motor control ‘ ’ (Tléﬁ) ‘

Note 1. ADVANCED only
Note 2.  The primary local RAM is not supported by 256-Kbyte products.

Figure 1.3 Internal Block Diagram (RH850/F1L 80 pin)
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RH850/F1L Section 1 Overview

System control

MainOSC
Code flash LS IntOSC
(1 MB (max.))
HS IntOSC
CPU sub system ¥ PLL STBC
Primary local RAM*? G3K P
(96 KB (max.)) INTC
CPUcore Debug controller CLMA CVM
(3 ch) (1ch)
Retention RAM
i MPU, SRP DMAC LvI poc | | Lps
A
A
Data flash -
(32 KB) ICUSB Port
A A A
/ r ! Y
PBUS

¢ ¢ A Y A 4
Y / Y A

] [PEem LR [ L
’ (1 unit) ‘ ’ (4 ch) ‘ (1 unit)
PWM-Diag ’ WDTA ‘ ’ RLIN2 ‘
(48 ch) (2 units) (3 ch)
L dm LG
TAUB CsIG
’ (1 unit) ‘ ’ (1 ch) ‘
2oy
ENCA RIIC
’ (1 unit) ‘ ’ (1 ch) ‘

Note 1. ADVANCED and Gateway-1MB only
Note 2.  The primary local RAM is not supported by 256-Kbyte products.

Figure 1.4 Internal Block Diagram (RH850/F1L 100 pin)
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RH850/F1L

Section 1 Overview

System control
| Mainosc || subosc
Code flash Trace RAM*!
(2MB (max.) (32 kB)
[ HS IntOSC
CPU sub system ¥ PLL STBC
Primary local RAM G3K N
(128 KB (max.)) INTC Y
Secondary local RAM* CPU core Debug controller CLMA CvM
(32 KB (max.)) (3 ch) (1 ch)
Retention RAM DMAC
A
Data flash 1
ata flas .
(32 KB*z) ICUSB** Port
A A A
A J A J A J A J v
PBUS
¢ ¢ A /
A\ A
Timer Communication DCRA Analog KR
OSTM RLIN3 (4 ch) ADCA (8.¢ch)
(1 unit) (6 ch) (2 units)
PWM-Diag ’ WDTA ‘ ’ RLIN2 ‘
(64 ch) (2 units) (6 ch)
TAUD CSIH
(1 unit) (4 ch)
TAUB CSIG
(1 unit) (2 ch)
TAUJ RS-CAN
(2 units) (6 ch(max.))
RTCA ’ RIIC ‘
(1 unit) (1 ch)
ENCA
(1 unit)
Note 1. The trace RAM is only supported by products with 2 MB code flash memory.
Note 2. ADVANCED and PREMIUM only
Note 3. PREMIUM products have 64 KB.
Note 4. The secondary local RAM is only supported by products with 2 MB code flash memory.

Figure 1.5 Internal Block Diagram (RH850/F1L 144 pin)
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RH850/F1L Section 1 Overview

System control

] MainOSC H SubOSC

Code flash Trace RAM™! LS Intosc
(2MB (max.)) (32 KB)
[ HS IntOSC
. CPU sub system ¥ PLL STBC
Primary local RAM G3K >
(128 KB (max.)) INTC \

Secondary local RAM* CPU core Debug controller CLMA CvM
(32 KB (max.)) (3 ch) (1 ch)
Retention RAM MPU, SRP DMAC External bus controller LVI POC LPS

(32 KB)
A
a
Data flash »
(32 KB) ICUSB Port
A A Y
4 4 4 v \

PBUS

: : “ ‘ ‘
A 4 y A

Timer Communication DCRA Analog KR
OSTM RLIN3 (4 ch) ADCA (8¢ch)
(1 unit) (6 ch) (2 units)
PWM-Diag WDTA RLIN2
(72 ch) (2 units) (10 ch)
TAUD CSIH
(1 unit) (4 ch)
TAUB CSIG
(2 units) (2 ch)
TAUJ RS-CAN
(2 units) 6 ch
RTCA RIIC
(1 unit) (1.ch)
ENCA
(1 unit)

Note 1. The trace RAM is only supported by products with 2 MB code flash memory.

Note 2. ADVANCED and PREMIUM only

Note 3. PREMIUM products have 64 KB.

Note 4. The secondary local RAM is only supported by products with 2 MB code flash memory.

Figure 1.6 Internal Block Diagram (RH850/F1L 176 pin)
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RH850/F1L

Section 2 Pin Function

Section 2

Pin Function

This section describes the pin and port functions.

Section 2.1 to Section 2.5 describe the pin connections and respective pins.

Section 2.6 to Section 2.13 describe the general port functions.

2.1

Pin Connection Diagram

e 8o

N8 8 T29N9S s

coo®Qoooo0opd

SeSS52222R

noollioonan??

ORODTONC DD~

FITITITIITITOO®
P10_3 ~=]| 1 36 [~ P9_1
P10_4 ——»| 2 35 |~ P9 0
P10_5 =] 3 O 34 | APO_0O
PO_0 =—»| 4 33 | APO_1
PO_1-=»|5 32 |=—= APO_2
PO_2 | 6 31 |+ APO_3
PO_3 =] 7 30 |~ APO_4
EvCC —| 8 29 |+ APO_5
EVsSs —| 9 28 |+ APO_6
JPO_5 ~—=| 10 27 | AP0_7
JPO_4 | 11 26 |—— AOVREF
JPO_3 | 12 25——Aovss

OTDONDIOTNDT

rrrrrrr AN NN

N o0 JONT QO

Jd&%@ggxngJ

1as333 Zaa

58% ]

s o
<<x

Figure 2.1 Pin Connection Diagram (48 pin LQFP)
TONTO (2
0N 7SS BRSO
coco®Qooooooo0oopHd
B S R R
ooolliloononooaonona®l®
T NCEREL SESON ST
COOVOOUOLLLVLLLWLWLWL
P10_3 —~—»]f 1 48 |- P9 3
P10_4 == 2 47 | == P92
P10_5 =] 3 O 46 |~ P91
PO 0 =] 4 45 |- P90
PO_1 =] 5 44 |~ AP0_0
PO 2 =] 6 43 |-~ APO_1
PO_3 =] 7 42 |-~ APO_2
EVCC—| 8 41 = AP0_3
PO_4 =] 9 40 |- APO_4
P0_5 ==| 10 39 |~ AP0 5
PO_6 ~—=| 11 38 |-~ AP0_6
EVSS— 12 37 |~ APO_7
P8 2 =»| 13 36 |~ APO_8
JPO_5 | 14 35 |~—= AP0_9
JPO_4 = 15 34 |—— AOVREF
JPO_3 | 16 33 |——AO0VSs
NOODOTNMNMITOWONONDO N
T ANNNNNNNNNNOOO
N~ Ol ANT= OO« MO W©
Dlolcqugg(éxxgw‘m‘w‘w‘oo‘ool
SS30U3535 Saoaocaa
nc;;u_, [
<X
Figure 2.2 Pin Connection Diagram (64 pin LQFP)

RO1UH0390EJ0133 Rev.1.33
Apr 20, 2016

RENESAS

Page 74 of 2415



RH850/F1L

Section 2 Pin Function

TONCO (25
aropoToacSCYTR 00N 0?0
B E T I DI S
SRS STI 2222222200
nonoonoononooonoaonan®@R
CQOONOULTONTODNON OO N
OMNMNMNNSNMNNSNSNNSNNS© OO OO OO oo
P10_3 == 1 60 | == P9 6
P10_4 ==| 2 59 |== P9 5
P1075 ==| 3 O 58 [« P94
P10_15 =—=| 4 57 |=—= P9_3
P17_0 ~=| 5 56 [« P9 2
PO_0 ~»| 6 55 | P9 1
PO 1 =] 7 54 |~ P9 0
PO 2 =] 8 53 | APO_0
P03 =] 9 52 |~ APO_1
EVCC — 10 51 = APQ_2
PO_4 ~—=]| 11 50 |~=—= AP0 3
PO_5 ——=]| 12 49 | APO_4
PO_6 ~—=| 13 48 |-+ APO_5
PO_T1 | 14 47 |~ APO 6
PO 12 | 15 46 == APO 7
EVSS — 16 45 |- AP0O_8
P8 2 =] 17 44 |~ AP0_9
JPO_5 | 18 43 |~ AP0_10
JPO_4 ~=—=| 19 42 —— AOVREF
JPO_3 =—| 20 41 ——A0VSS
TANTODONONDO-—ANMIOVONDODNO
NANANAANLIBRONRBH BB BB F
N OB A0ONT OO DD MO — M L0 ©
ol B Q xx g Tio'o!0lw'w0lc0lco'e0'eo'
18aP235 Sgoaacoaaaaa
555288 z
<X

Figure 2.3

Pin Connection Diagram (80 pin LQFP)

o ~owtma-s N2 6o o ]
72 SOOI RN >3]
coo ~rr-r-r-r-r-oocoocooco0co0co®?5p
fiilmAAdAANANAAAAAAAAWRDM
CODOMNOUOTOANTODNDONOTONTODDON©
OO0 MO 000 O 0 00 MNMNSMNIMN
P10_3 =»| 17 75 |~ P9 6
P10 4 =] 2 74 |- P95
P105 =] 3 O 73 |-= P94
P10_15 | 4 72 |-~ P93
P17_0 ==| 5 71 |- P92
P00 =] 6 70 | == P9_1
PO_1 =] 7 69 == P90
P0_2 =] 8 68 f=—=AP0_0
PO 3==]o9 67 |-~ AP0 "1
EVCC——+ 10 66 |~ APO_2
PO 4 | 11 65 |-« AP0 3
PO 5 =] 12 64 |-w—w APO 4
PO 6 ]| 13 63 |-=—= AP0 5
PO_T1 ~—=| 14 62 |-=—= AP0 6
PO_12 =] 15 61 |~ APO_7
P0_13 =—»| 16 60 |-~ APO_8
PO 14 ~—=| 17 59 |-« AP0 9
EVSS——| 18 58 |=— APO_10
pg 2 =] 19 57 |-~ APO_11
P8_10 ~+=| 20 56 |~ APO_12
P8_11 =] 21 55 |~ APO_13
P812 | 22 54 |-=—= AP0 14
JPD_5 =—=| 23 53 |~ APO_15
JPO_4 ~—| 24 52 —— AOVREF
JPO_3 ~+—»| 25 51 |——A0VSS
ONOVDO-—ANMOMOFTOONODODOTANMNMITWVONDODO
ANNANNOOOOOOOOOOTIIIITTTET TN
AN~ O =l NT=O OO~ O~ ™M < D © M 0O
O‘ologggg§XX%‘_Iolo‘o‘gco‘oolwlwlwlm‘w‘w‘co
SS5W Z
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<

Figure 2.4

Pin Connection Diagram (100 pin LQFP)

RO1UH0390EJ0133 Rev.1.33
Apr 20, 2016

RENESAS

Page 75 of 2415



RH850/F1L

Section 2 Pin Function

- o W
S-ogon ol eproa-T2E T Eoorepacn-0000BEe,
cooQanNrrrrrrrrooooo0ooooloo0ernl>>
R SN N T rrr oo e e eeeedDS22)
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TETTTTOONOOOONONOOOANNNNNNNNNNT T~~~ O
P03 =mf 1T T T T T T T T TS S TS S S S S ST S S e e m T T T T 408 [ APt
P10_4 =] 2 107 f=—= AP12
P1075 =] 3 O 106 | AP173
P10_15 =—=| 4 105 f—m AP14
P17_0 ==| 5 104 f=—= AP175
P11°8 | 6 103 | AP176
P1179 ==| 7 102 f=—= AP177
P11_10 ~=—=| 8 101 |— EVCC
P11_11 =—=| 9 100 f=-= P20 _4
P11_12 =—=| 10 99 f=—= P20 5
P11713 =] 11 98 [~ P9 6
P11 14 =] 12 97 fwm P95
P0_0 =] 13 96 [=—= P94
PO_1 ]| 14 95 |« P93
P02 =] 15 94 f«—w P92
PO_3 =] 16 93 [== P91
EVCC——] 17 92 = P9 0
P0_4 =—=| 18 91 |— Evss
P0_5 =] 19 90 f=—= AP0_0
P0_6 ]| 20 89 f=—= APO_1
PO_T1 | 21 88 f=—= AP0 2
PO_12 == 22 87 f=—= AP0_3
P0_13 ~—-| 23 86 [~ AP0 4
PO 14 | 24 85 [~ AP0 5
PT_0 =—=] 25 84 |~ APO_6
P11 =] 26 83 [=-= APO 7
P12 =] 27 82 [=—= APO_8
P13 =] 28 81 f=—= AP0_9
EVSS — 29 80 f=—= AP0O_10
P8 2 | 30 79 [ APO_11
P8_10 | 31 78 [ APO_12
P8 11 ~—| 32 77 f=—= AP0O_13
P8 12 == 33 76 f=—= APO_14
JPG_5 | 34 75 == APO_15
JPO_4 | 35 74 |—— AOVREF
JPO_3 | 36 73 [—— Aovss
NONO-ANNITLONODO-—NMITNONONDO T~ NM LD ©
OONLTLILIIITITITITTTLLWLL WO OO O O © O © © O ©©
N O OP®I- )T O N QNS DO P D] O O
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Figure 2.5

Pin Connection Diagram (144 pin LQFP)

RO1UH0390EJ0133 Rev.1.33
Apr 20, 2016

RENESAS

Page 76 of 2415



RH850/F1L

Section 2 Pin Function

0 <tONTO [/ ] mmmmvm
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P10_4 =] 2 131 == AP12
P105 =—=| 3 O 130 == AP173
BVCC — 4 129 == AP1_4
BVSS —] 5 128|=—= AP175
P10_15 =] 6 127 |- AP1°6
P11_0 =] 7 126 | AP1_7
P11_8 =—| 8 125 AP1_8
P11_9 ==| 9 124 | AP1°9
P11_10 =] 10 123 | AP1_10
P11_11 =] 11 122 AP1_11
P11_12 =] 12 121}——Evce
P11_13 =] 13 120 |- P20_4
P11_14 | 14 119 | P20 5
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EVCC — 22 111 |=—= P9_3
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P2_6 ~—=| 36 97 |~—= APO_9
EVSSs —] 37 96 |« APO_10
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P8_10 ——=| 39 94 |- APO_12
P8_11 ——=| 40 93|« APO_13
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Figure 2.6 Pin Connection Diagram (176 pin LQFP)
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RH850/F1L Section 2 Pin Function

Table 2.1 Pin Assignment 48 pin LQFP (1/2)

Pin No. Pin Name

1 P10_3/ TAUDOI7 / TAUDOO7 / RIICOSCL / KROI1 / PWGA30 / ADCAOTRG1 / TAPAOVN

2 P10_4 / TAUDOI9 / TAUDOOS / RLIN21RX / KROI2 / ADCAOSELO / ADCAOTRG2 / TAPAOWP / CSIGOSSI

3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / ADCAOSEL1 / TAPAOWN / CSIGORY! / CSIGORYO

4 P0_0/ TAUDOI2 / TAUDOO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT

5 PO_1/ TAUDOI4 / TAUDOO4 / CANORX / RLIN20TX / INTPO / PWGA110 / CSIHOSI / APO

6 PO_2 / TAUDOI6 / TAUDOO6 / RLIN30TX / PWGA120 / CSIHOSC / INTP1 / DPO

7 PO_3 / TAUDOI8 / TAUDOOS / RLIN30RX / DPIN1 / CSIHOSO / INTP10

8 EVCC

9 EVSS

10 JPO_5/NMI/ TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT

11 JPO_4 / DCUTRST

12 JP0_3/INTP3 / CSCXFOUT / TAUJOI2 / TAUJOO2 / DCUTMS

13 JPO_2/INTP2 / TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK

14 JPO_1/INTP1 /TAUJOIO / TAUJOOO / DCUTDO / LPDO

15 JPO_0/INTPO / DCUTDI / LPDI / LPDIO

16 RESET

17 AWOVSS

18 AWOVCL

19 REGVCC

20 X2

21 X1

22 FLMDO

23 P8_0/ TAUJOIO / TAUJOOO / DPIN2 / INTP4 / CSIHOCSSO / ADCA0I0S

24 P8_1/TAPAOESO / TAUJOO1 / DPINO / INTP5 / ADCAOI1S

25 AOVSS

26 AOVREF

27 APO_7 / ADCAOI7

28 APO_6 / ADCAOIB

29 APO_5/ ADCAOI5

30 APO_4 / ADCAOI4

31 APO_3/ ADCAOI3

32 APO_2/ ADCAOI2

33 APO_1/ADCAOI1

34 APO_0/ ADCAOIO

35 P9_0/NMI/PWGASO / TAUDOIO / TAUDOOO / ADCAOTRGO / KROI4 / ADCAOI2S

36 P9_1/INTP11/PWGA90 / TAUDOI2 / TAUDOO2 / KROI5 / ADCAOI3S

37 ISOVCL

38 ISOVSS

39 P10_6 / TAUDOI13 / TAUDOO13 / CSIGOSO / ENCAOTINO / ADCAOSEL2

40 P10_7 / TAUDOI15 / TAUDOO15 / CSIGOSC / ENCAOTINL / PWGA40

41 P10_8 / TAUDOI10 / TAUDOO10 / CSIGOSI / ENCAOEC / PWGA50 / FLMD1
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RH850/F1L Section 2 Pin Function

Table 2.1 Pin Assignment 48 pin LQFP (2/2)

Pin No. Pin Name

42 P10_9/TAUDOI12 / TAUDOO12 / RLIN3ORX /INTP10 / ENCAOEO / PWGAG0O / CSIHORY! / CSIHORYO

43 P10_10/ TAUDOI14 / TAUDOO14 / RLIN30TX / ENCAOEL / PWGA70 / CSIHOCSS1

44 EvCC

45 EVSS

46 P10_0/ TAUDOI1 / TAUDOO1 / CANORX /INTPO / CSCXFOUT / PWGAOQO / TAPAOUP

47 P10_1/ TAUDOI3 / TAUDOO3 / CANOTX / PWGA10 / TAPAOUN / MODEO

48 P10_2 / TAUDOI5 / TAUDOOS / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / TAPAOVP / MODE1
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RH850/F1L Section 2 Pin Function

Table 2.2 Pin Assignment 64 pin LQFP (1/2)

Pin No. Pin Name
1 P10_3/ TAUDOI7 / TAUDOO? / RIICOSCL / KROI1 / PWGA30 / ADCAOTRG1 / TAPAOVN
2 P10_4/ TAUDOI9 / TAUDOO9 / RLIN21RX / KROI2 / ADCAOSELO / ADCAOTRG2 / TAPAOWP / CSIGOSSI
3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / ADCAOSEL1 / TAPAOWN / CSIGORY! / CSIGORYO
4 P0O_0/ TAUDOI2 / TAUDOO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT
5 PO_1/ TAUDOI4 / TAUDOO4 / CANORX / RLIN20TX / INTPO / PWGA110 / CSIHOSI / APO
6 PO_2 / TAUDOI6 / TAUDOO6 / CANIRX / RLIN30TX / PWGA120 / CSIHOSC / INTP1 / DPO
7 PO_3/ TAUDOI8 / TAUDOOS / RLIN30RX / CAN1TX / DPIN1 / PWGA130 / CSIHOSO / INTP10
8 EVCC
9 PO_4 / RLIN31RX / INTP11 / CAN2TX / PWGA100 / SELDPO / DPIN8
10 PO_5/ CAN2RX / INTP2 / RLIN31TX / DPIN / SELDP1
1 PO_6/ INTP2 / DPIN10 / SELDP2
12 EVSS
13 P8_2 / TAUJOIO / TAUJOOO / DPIN2 / CSIHOCSS0 / PWGA220 / ADCAOI4S
14 JPO_5 / NMI/ TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT
15 JPO_4 /DCUTRST
16 JP0_3/INTP3 / CSCXFOUT / TAUJOI2 / TAUJOO2 / DCUTMS
17 JPO_2/ INTP2 / TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK
18 JPO_1/INTP1 /TAUJOIO / TAUJOOO / DCUTDO / LPDO
19 JPO_0/INTPO / DCUTDI / LPDI / LPDIO
20 RESET
21 AWOVSS
22 AWOVCL
23 REGVCC
24 X2
25 X1
26 FLMDO
27 P8_0 / TAUJOIO / TAUJOOO / DPIN2 / PWGA140 / INTP4 / CSIHOCSS0 / ADCA0I0S
28 P8_1/ TAPAOESO / TAUJOO1 / DPINO / PWGA150 / INTP5 / ADCAOI1S
29 P8_3/ TAUJOI1 / TAUJOO1 / DPIN3 / CSIHOCSS1 / PWGA230 / ADCAOI5S
30 P8_4 / TAUJOI2 / TAUJOOZ2 / DPIN4 / CSIHOCSS2 / ADCAOI6S
31 P8_5 / TAUJOI3 / TAUJOO3 / CSIHOCSS3 / ADCAOI7S
32 P8_6 / NMI / ADCAOQI8S
33 AOVSS
34 AOVREF
35 APO_9 / ADCAOI9
36 APO_8 / ADCAOI8
37 APO_7 / ADCAOI7
38 APO_6 / ADCAOI6
39 APO_5 / ADCAOI5
40 APOQ_4 / ADCAOI4
41 APO_3 / ADCAOI3
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RH850/F1L Section 2 Pin Function

Table 2.2 Pin Assignment 64 pin LQFP (2/2)

Pin No. Pin Name

42 APOQ_2 / ADCAOI2

43 APO_1 / ADCAOI1

44 APO_0 / ADCAOIO

45 P9_0 / NMI / PWGA8O / TAUDOIO / TAUDOOO / ADCAOTRGO / KROI4 / ADCAOI2S

46 P9_1/INTP11/PWGA90 / TAUDOI2 / TAUDOO2 / KROI5 / ADCAOI3S

47 P9_2 / KROI6 / PWGA200 / TAPAOESO / ADCAOI9S

48 P9_3/KROI7 / PWGA210 / ADCA0I10S

49 ISOVCL

50 ISOVSS

51 P10_6 / TAUDOI13 / TAUDOO13 / CSIGOSO / ENCAOTINO / ADCAOSEL2 / CANIRX / INTP1

52 P10_7 / TAUDOI15 / TAUDOO15 / CSIGOSC / ENCAOTINL / PWGA40 / CANLTX

53 P10_8 / TAUDOI10 / TAUD0O10 / CSIGOSI / ENCAOEC / PWGA50 / FLMD1

54 P10_9/ TAUDOI12 / TAUDOO12 / RLIN30RX / INTP10 / ENCAOEO / PWGAB0 / CSIHORY! / CSIHORYO

55 P10_10/ TAUDOI14 / TAUD0OO14 / RLIN30TX / ENCAOEL / PWGA70 / CSIHOCSS1

56 P10_11/PWGA160 / RLIN31RX / INTP11

57 P10_12 / PWGA170 / RLIN31TX

58 P10_13/ CSIHOSSI / PWGA180

59 P10_14 / PWGA190

60 EVCC

61 EVSS

62 P10_0/ TAUDOI1 / TAUDOO1 / CANORX / INTPO / CSCXFOUT / PWGAOO / TAPAQUP

63 P10_1/ TAUDOI3 / TAUDOO3 / CANOTX / PWGA10 / TAPAOUN / MODEO

64 P10_2 / TAUDOI5 / TAUDOO5 / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / TAPAOVP / MODEL
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RH850/F1L Section 2 Pin Function

Table 2.3 Pin Assignment 80 pin LQFP (1/2)

Pin No. Pin Name
1 P10_3/ TAUDOI7 / TAUDOO7 / RIICOSCL / KROI1 / PWGA30 / ADCAOTRG1 / TAPAOVN / CSIHISSI
2 P10_4/ TAUDOI9 / TAUDOO9 / RLIN21RX / KROI2 / ADCAOSELO / ADCAOTRG2 / TAPAOWP / CSIGOSSI
3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / ADCAOSEL1 / TAPAOWN / CSIGORY! / CSIGORYO
4 P10_15
5 P11_0/ CSIH2RYI / CSIH2RYO
6 PO_0/ TAUDOI2 / TAUDOO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT
7 PO_1/ TAUDOI4 / TAUDOO4 / CANORX / RLIN20TX / INTPO / PWGA110 / CSIHOSI / APO
8 PO_2 / TAUDOI6 / TAUDOOG6 / CANIRX / RLIN30TX / PWGA120 / CSIHOSC / INTP1 / DPO
9 PO_3/ TAUDOI8 / TAUDOOS / RLIN3ORX / CANATX / DPIN1 / PWGA130 / CSIHOSO / INTP10
10 EvCC
1 PO_4 / RLIN31RX / INTP11 / CAN2TX / PWGA100 / CSIH1SI / SELDPO / DPINS
12 PO_5/ CAN2RX / INTP2 / RLIN31TX / DPIN9 / SELDP1 / CSIH1SO
13 PO_6/ INTP2 / DPIN10 / SELDP2 / CSIH1SC
14 PO_11 / RIICOSDA / CSIH1CSS2
15 PO_12 / RIICOSCL
16 EVSS
17 P8_2 / TAUJOIO / TAUJOOO / DPIN2 / CSIHOCSSO0 / INTP6 / PWGA220 / ADCA0I4S
18 JP0_5/ NMI / TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT
19 JPO_4/DCUTRST
20 JPO0_3/INTP3/ CSCXFOUT / TAUJOI2 / TAUJOO2 / DCUTMS
21 JP0_2/ INTP2 / TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK
22 JPO_1/INTP1 /TAUJOIO / TAUJOOO / DCUTDO / LPDO
23 JPO_0/INTPO / DCUTDI / LPDI / LPDIO
24 RESET
25 AWOVSS
26 AWOVCL
27 REGVCC
28 X2
29 X1
30 FLMDO
31 PO_10/INTP3/CSIH1CSS1/ DPIN11
32 PO_9/INTP12 / CSIH1CSSO0 / DPIN7
33 PO_8/ RLIN21TX / DPIN6 / CSIH1SSI
34 PO_7 / RLIN21RX / DPIN5 / CSCXFOUT / CSIH1RYI / CSIHIRYO
35 P8_0 / TAUJOIO / TAUJOOO / DPIN2 / PWGA140 / INTP4 / CSIHOCSS0 / ADCAOI0S
36 P8_1/ TAPAOESO / TAUJOO1 / DPINO / PWGA150 / INTP5 / CSIH1CSS3 / ADCAOILS
37 P8_3/ TAUJOI1 / TAUJOO1 / DPIN3 / CSIHOCSS1 / INTP7 / PWGA230 / ADCAOI5S
38 P8_4 / TAUJOI2 / TAUJOO2 / DPIN4 / CSIHOCSS2 / INTP8 / ADCAOI6S
39 P8_5 / TAUJOI3 / TAUJOO3 / CSIHOCSS3 / ADCAOI7S
40 P8_6 / NMI / CSIHOCSS4 / ADCAOI8S
41 AOVSS
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RH850/F1L Section 2 Pin Function

Table 2.3 Pin Assignment 80 pin LQFP (2/2)

Pin No. Pin Name

42 AOVREF

43 APO_10 / ADCAOQI10

44 APO_9 / ADCAOI9

45 APO_8 / ADCAOI8

46 APO_7 / ADCAOI7

47 APO_6 / ADCAOI6

48 APO_5 / ADCAOI5

49 APO_4 / ADCAOI4

50 APO_3 / ADCAOI3

51 APO_2 / ADCAOI2

52 APO_1 / ADCAOI1

53 APO_0 / ADCAOIO

54 P9_0 / NMI / PWGA8O / TAUDOIO / TAUDOOO / ADCAOTRGO / CSIH2CSS0 / KROI4 / ADCAOI2S

55 P9_1/INTP11/PWGA90 / TAUDOI2 / TAUD0O2 / KROI5 / CSIH2CSS1 / ADCAOI3S

56 P9_2 / KROI6 / PWGA200 / TAPAOESO / CSIH2CSS2 / ADCAOI9S

57 P9_3/KROI7 / PWGA210 / CSIH2CSS3 / ADCA0I10S

58 P9_4/ CSIHOCSS5 / ADCAOI11S

59 P9_5/ CSIHOCSS6 / ADCAOI12S

60 P9_6 / CSIHOCSS7 / ADCAOI13S

61 ISOVCL

62 ISOVSS

63 P10_6 / TAUDOI13 / TAUDOO13 / CSIGOSO / ENCAOTINO / ADCAOSEL2 / CANIRX / INTP1

64 P10_7 / TAUDOI15 / TAUDOO15 / CSIGOSC / ENCAOTINL / PWGA40 / CANLTX

65 P10_8/ TAUDOI10 / TAUD0O10 / CSIGOSI / ENCAOEC / PWGA50 / FLMD1

66 P10_9/ TAUDOI12 / TAUDOO12 / RLIN30RX / INTP10 / ENCAOEO / PWGAB0 / CSIHORY! / CSIHORYO

67 P10_10/ TAUDOI14 / TAUD0OO14 / RLIN30TX / ENCAOEL / PWGA70 / CSIHOCSS1

68 P10_11/PWGA160 / RLIN31RX / INTP11 / CSIH1CSSO

69 P10_12 / PWGA170 / RLIN31TX / CSIH1CSS1

70 P10_13/CSIHOSSI / PWGA180 / RLIN32RX / INTP12

71 P10_14 / PWGA190 / RLIN32TX

72 P11_1/CSIH2SSI/ RLIN20RX

73 P11_2/ CSIH2SO / RLIN20TX

74 P11_3/CSIH2SC

75 P11_4 / CSIH2SI

76 EvCC

77 EVSS

78 P10_0/ TAUDOI1 / TAUDOO1 / CANORX /INTPO / CSCXFOUT / PWGAOO / TAPAQUP / CSIH1SI

79 P10_1/ TAUDOI3 / TAUD0O3 / CANOTX / PWGA10 / TAPAOUN / CSIH1SC / MODEO

80 P10_2 / TAUDOI5 / TAUDOO5 / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / TAPAOVP / CSIH1SO / MODE1
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RH850/F1L Section 2 Pin Function

Table 2.4 Pin Assignment 100 pin LQFP (1/3)

Pin No. Pin Name
1 P10_3/ TAUDOI7 / TAUDOO? / RIICOSCL / KROI1 / PWGA30 / ADCAOTRG1 / TAPAOVN / CSIH1SSI
2 P10_4/ TAUDOI9 / TAUDOO9 / RLIN21RX / KROI2 / ADCAOSELO / ADCAOTRG2 / TAPAOWP / CSIGOSSI
3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / ADCAOSEL1 / TAPAOWN / CSIGORY! / CSIGORYO
4 P10_15/ CSIH3RYI / CSIH3RYO / PWGA240 / RLIN22RX / TAUBOI9 / TAUB0OO9
5 P11_0/ CSIH2RYI/ CSIH2RYO / PWGA250 / RLIN22TX / TAUBOI11 / TAUBOO11
6 PO_0/ TAUDOI2 / TAUDOO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT
7 PO_1/TAUDOI4 / TAUDOO4 / CANORX / RLIN20TX / INTPO / PWGA110 / CSIHOSI / APO
8 PO_2 / TAUDOI6 / TAUDOOG6 / CANIRX / RLIN30TX / PWGA120 / CSIHOSC / INTP1 / DPO
9 PO_3/ TAUDOI8 / TAUDOOS / RLIN3ORX / CANATX / DPIN1 / PWGA130 / CSIHOSO / INTP10
10 EvCC
1 PO_4 / RLIN31RX / INTP11 / CAN2TX / PWGA100 / CSIH1SI / SELDPO /DPINS
12 PO_5/ CAN2RX / INTP2 / RLIN31TX / DPIN9 / SELDP1 / CSIH1SO
13 PO_6/INTP2/DPIN10 / SELDP2 / CSIH1SC
14 PO_11 / RIICOSDA / DPIN12 / CSIH1CSS2 / TAUBOI8 / TAUBOOS
15 PO_12 / RIICOSCL / DPIN13 / PWGA450 / TAUBOI10 / TAUB0O10 / CSIGOSI
16 PO_13/RLIN32RX / INTP12 / PWGA460 / TAUBOI12 / TAUB0O12 / CSIGOSO / CANSRX*! / INTP5
17 PO_14 / RLIN32TX / PWGA470 / TAUBOI14 / TAUB0O14 / CSIGOSC / CANSTX*!
18 EVSS
19 P8_2 / TAUJOIO / TAUJOOO / DPIN2 / CSIHOCSSO0 / INTP6 / PWGA220 / ADCAOI4S
20 P8_10/ CSIH3CSS3 / DPIN14 / PWGA420 / ADCAOI17S
21 P8_11/ TAUJ1I2 / TAUJ102 / DPIN15 / PWGA430 / CSIH1CSS4 / ADCAOI18S
22 P8_12 / TAUJ1I3 / TAUJ103 / DPIN16 / PWGA440 / CSIH1CSS5 / ADCA0I19S
23 JPO_5 / NMI/ TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT
24 JPO_4 /DCUTRST
25 JP0_3/INTP3 / CSCXFOUT / TAUJOI2 / TAUJOO2 / DCUTMS
26 JPO_2/ INTP2 / TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK
27 JPO_1/INTP1 /TAUJOIO / TAUJOOO / DCUTDO / LPDO
28 JP0_0/INTPO / DCUTDI / LPDI / LPDIO
29 RESET
30 EVCC
31 AWOVSS
32 AWOVCL
33 REGVCC
34 X2
35 X1
36 FLMDO
37 PO_10/INTP3/ CSIH1CSS1 / DPIN11 / RLIN22TX / TAUBOI6 / TAUBOOG6 / CANATX*
38 PO_9/INTP12/ CSIHICSSO0 / DPIN7 / RLIN22RX / TAUBOI4 / TAUB0OO4 / CAN4RX*Y/ INTP4
39 PO_8/ RLIN21TX / DPIN6 / CSIH1SSI / TAUBOI2 / TAUB0OO2 / CAN3TX*!
40 PO_7 / RLIN21RX / DPIN5 / CSCXFOUT / CSIH1RYI / CSIH1IRYO / TAUBOIO / TAUBOOO / CAN3RX*! / INTP3
41 EVSS
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RH850/F1L

Section 2 Pin Function

Table 2.4 Pin Assignment 100 pin LQFP (2/3)

Pin No. Pin Name

42 P8_0/ TAUJOIO / TAUJOOO / DPIN2 / PWGA140 / INTP4 / CSIHOCSS0 / ADCAOI0S

43 P8_1/TAPAOESO / TAUJOO1 / DPINO / PWGA150 / INTP5 / CSIH1CSS3 / ADCAOILS

44 P8_3/TAUJOIL/ TAUJOOL / DPIN3 / CSIHOCSS1 / INTP7 / PWGA230 / ADCAOI5S

45 P8_4/ TAUJOI2 / TAUJOO2 / DPIN4 / CSIHOCSS2 / INTP8 / PWGA360 / ADCAOI6S

46 P8_5/ TAUJOI3 / TAUJOO3 / CSIHOCSS3 / PWGA370 / ADCAOI7S

47 P8_6/ NMI / CSIHOCSS4 / PWGA380 / ADCA0I8S

48 P8_7 / CSIH3CSS0 / PWGA390 / ADCAOIL4S

49 P8_8/ CSIH3CSS1 / PWGA400 / ADCAOIL5S

50 P8_9/ CSIH3CSS2 / PWGA410 / ADCAOIL6S

51 AOVSS

52 AOVREF

53 APO_15 / ADCA0I15

54 APO_14 / ADCAOI14

55 APO_13 / ADCA0I13

56 APO_12 / ADCAQI12

57 APO_11/ ADCAOI11

58 APO_10 / ADCA0I10

59 APO_9 / ADCAQI9

60 APO_8 / ADCAOQI8

61 APO_7 / ADCAQI7

62 APO_6 / ADCAQI6

63 APO_5/ ADCAOQI5

64 APO_4 | ADCAQI4

65 APO_3/ ADCAOQI3

66 APO_2 / ADCAQI2

67 APO_1 / ADCAOIL

68 APO_0 / ADCAQIO

69 P9_0/NMI/ PWGASO / TAUDOIO / TAUDOOO / ADCAOTRGO / CSIH2CSS0 / KROI4 / ADCAOI2S

70 P9_1/INTP11/PWGA9O / TAUDOI2 / TAUD0O2 / KROI5 / CSIH2CSS1 / ADCAOI3S

71 P9_2/ KROI6 / PWGA200 / TAPAOESO / CSIH2CSS2 / ADCAOI9S

72 P9_3/KROI7 / PWGA210 / CSIH2CSS3 / ADCA0I10S

73 P9_4/ CSIHOCSSS5 / PWGA330 / TAUJLIO / TAUJ100 / ADCAOI11S

74 P9_5/ CSIHOCSS6 / PWGA340 / TAUJLIL / TAUJ101 / ADCAOI12S

75 P9_6/ CSIHOCSS7 / PWGA350 / ADCA0IL3S

76 EvVCC

77 ISOVCL

78 ISOVSS

79 EVSS

80 P10_6/ TAUDOI13 / TAUDOO13 / CSIGOSO / ENCAOTINO / ADCAOSEL2 / CANLRX / INTP1

81 P10_7 / TAUDOI15 / TAUDOO15 / CSIGOSC / ENCAOTINL / PWGA40 / CANLTX

82 P10_8/ TAUDOI10 / TAUDOO10 / CSIGOSI / ENCAQOEC / PWGA50 / FLMD1
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RH850/F1L Section 2 Pin Function

Table 2.4 Pin Assignment 100 pin LQFP (3/3)

Pin No. Pin Name

83 P10_9/ TAUDOI12 / TAUDOO12 / RLIN30RX / INTP10 / ENCAOEO / PWGAB0 / CSIHORY! / CSIHORYO
84 P10_10/ TAUDOI14 / TAUD0OO14 / RLIN30TX / ENCAOE1 / PWGA70 / CSIHOCSS1

85 P10_11/PWGA160 / RLIN31RX / INTP11 / CSIH1CSS0 / TAUBOI1 / TAUBOO1

86 P10_12 / PWGA170 / RLIN31TX / CSIH1CSS1 / TAUBOI3 / TAUB0O3

87 P10_13 / CSIHOSSI / PWGA180 / RLIN32RX / INTP12 / TAUBOI5 / TAUBOO5

88 P10_14 / PWGA190 / RLIN32TX / CSIH3SSI / TAUBOI7 / TAUBOO7

89 P11_1/ CSIH2SSI / RLIN20RX / PWGA260 / TAUBOI13 / TAUB0OO13

90 P11_2/ CSIH2SO / RLIN20TX / PWGA270 / TAUBOI15 / TAUB0O15

91 P11_3/ CSIH2SC / CAN3RX*! / INTP3 / PWGA280

92 P11_4 / CSIH2SI / CAN3TX*! / PWGA290

93 P11_5/ CANSRX*! / INTP5 / RLIN33TX / PWGA300 / CSIH3SI

94 P11_6/ RLIN33RX / INTP13 / CAN5TX*! / PWGA310 / CSIH3SO

95 P11_7 / INTP5 / PWGA320 / CSIH3SC

96 EvCC

97 EVSS

98 P10_0/ TAUDOI1 / TAUDOO1 / CANORX / INTPO / CSCXFOUT / PWGAOO / TAPAOUP / CSIH1SI

99 P10_1/ TAUDOI3 / TAUDOO3 / CANOTX / PWGA10 / TAPAOUN / CSIH1SC / MODEO

100 P10_2 / TAUDOI5 / TAUDOOS / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / TAPAOVP / CSIH1SO / MODE1

Note 1. CANmMTX and CANmRX (m = 3 to 5) are provided only in the F1L for Gateway.
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RH850/F1L Section 2 Pin Function

Table 2.5 Pin Assignment 144 pin LQFP (1/4)

Pin No. Pin Name
1 P10_3/ TAUDOI7 / TAUDOO7 / RIICOSCL / KROI1 / PWGA30 / ADCAOTRG1 / TAPAOVN / CSIH1SSI
2 P10_4/ TAUDOI9 / TAUDOO9 / RLIN21RX / KROI2 / ADCAOSELO / ADCAOTRG2 / TAPAOWP / CSIGOSSI
3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / ADCAOSEL1 / TAPAOWN / CSIGORY! / CSIGORYO
4 P10_15/ CSIH3RYI/ CSIH3RYO / PWGA240 / RLIN22RX / TAUBOI9 / TAUBOO9
5 P11_0/ CSIH2RYI/ CSIH2RYO / ADCA1TRG2 / PWGA250 / RLIN22TX / TAUBOI11 / TAUB0O11
6 P11_8/CSIGISSI/RLIN35TX / PWGA480
7 P11_9/CSIG1SO / RLIN35RX / INTP15 / PWGA490
8 P11_10/ CSIG1SC / PWGA500
9 P11_11/CSIG1SI / RLIN25TX / PWGA510
10 P11_12 / RLIN25RX / PWGA520
1 P11_13/ RLIN24RX / PWGA530
12 P11_14 / RLIN24TX / PWGA540
13 PO_0/TAUDOI2 / TAUDOO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT
14 PO_1/ TAUDOI4 / TAUDOO4 / CANORX / RLIN20TX / INTPO / PWGA110 / CSIHOSI / APO
15 PO_2 / TAUDOI6 / TAUDOO6 / CAN1IRX / RLIN30TX / PWGA120 / CSIHOSC / INTP1 / DPO
16 PO_3 / TAUDOI8 / TAUDOOS / RLIN3ORX / CANATX / DPIN1 / PWGA130 / CSIH0SO / INTP10
17 EVCC
18 PO_4 / RLIN31RX / INTP11 / CAN2TX / PWGA100 / CSIH1SI / SELDPO / DPINS
19 PO_5/ CAN2RX / INTP2 / RLIN31TX / DPIN9 / SELDP1 / CSIH1SO
20 PO_6/ INTP2/ DPIN10 / SELDP2 / CSIH1SC
21 PO_11 / RIICOSDA / DPIN12 / CSIH1CSS2 / TAUBOIS / TAUB0OS
22 PO_12 / RIICOSCL / DPIN13 / PWGA450 / TAUBOI10 / TAUB0O10 / CSIGOSI
23 PO_13/RLIN32RX / INTP12 / PWGA460 / TAUBOI12 / TAUB0O12 / CSIGOSO / CANSRX*2 / INTP5
24 PO_14 / RLIN32TX / PWGA470 / TAUBOI14 / TAUB0O14 / CSIGOSC / CANSTX*2
25 P1_0/RLIN33RX / INTP13
26 P1_1/RLIN33TX
27 P1_2/CAN3RX / INTP3
28 P1_3/CAN3TX / DPIN23
29 EVSS
30 P8_2 / TAUJOIO / TAUJOOO / DPIN2 / CSIHOCSSO0 / INTP6 / PWGA220 / ADCAOI4S
31 P8_10 / CSIH3CSS3 / DPIN14 / PWGA420 / ADCAOI17S
32 P8_11/ TAUJ1I2 / TAUJ102 / DPIN15 / PWGA430 / CSIH1CSS4 / ADCAOI18S
33 P8_12 / TAUJ1I3 / TAUJ103 / DPIN16 / PWGA440 / CSIHICSS5 / ADCAOI19S
34 JPO_5/NMI/ RTCAOOUT / TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT
35 JPO_4 /DCUTRST
36 JPO0_3/INTP3/ CSCXFOUT / TAUJOI2 / TAUJOO2 / DCUTMS
37 JPO_2/ INTP2 / TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK
38 JPO_1/INTP1 /TAUJOIO / TAUJOOO / DCUTDO / LPDO
39 JPO_0/INTPO / DCUTDI/ LPDI / LPDIO
40 P1_11/ADCAL1TRG2 / RLIN24TX / DPIN22
41 P1_10/RLIN24RX / DPIN21
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RH850/F1L

Section 2 Pin Function

Table 2.5 Pin Assignment 144 pin LQFP (2/4)
Pin No. Pin Name
42 P1_9/RLIN34TX / DPIN20
43 P1_8/RLIN34RX / INTP14
44 RESET
45 EVCC
46 XT1
47 IPO_0/ XT2
48 AWOVSS
49 AWOVCL
50 REGVCC
51 X2
52 X1
53 FLMDO
54 JPO_6/EVTO*!
55 PO_10/ INTP3 / CSIH1CSS1 / DPIN11 / RLIN22TX / TAUBOI6 / TAUBOO6 / CANATX*2
56 PO_9/INTP12/ CSIH1CSSO0 / DPIN7 / RLIN22RX / TAUBOI4 / TAUB0O4 / CAN4RX*2 | INTP4
57 PO_8/ RLIN21TX / DPIN6 / CSIH1SSI / TAUBOI2 / TAUBOO2 / CAN3TX
58 PO_7 / RLIN21RX / DPIN5 / CSCXFOUT / CSIH1RYI / CSIHIRYO / TAUBOIO / TAUBOOO / CAN3RX / INTP3
59 EVSS
60 P1_7 / ADCA1TRG1 / RLIN25TX / DPIN19
61 P1_6/RLIN25RX / DPIN18
62 P1_5/ADCA1TRGO / RLIN35TX / DPIN17
63 P1_4/RLIN35RX / INTP15
64 P8_0/ TAUJOIO / TAUJOOO / DPIN2 / PWGA140 / INTP4 / CSIHOCSSO0 / ADCAOIOS
65 P8_1/ TAPAOESO / TAUJOO1 / DPINO / PWGA150 / INTP5 / CSIH1CSS3 / ADCAOILS
66 P8_3/TAUJOI1 / TAUJOO1 / DPIN3 / CSIHOCSS1 / INTP7 / PWGA230 / ADCAOI5S
67 P8_4/ TAUJOI2 / TAUJOO2 / DPIN4 / CSIHOCSS2 / INTP8 / PWGA360 / ADCAOI6S
68 P8_5 / TAUJOI3 / TAUJOO3 / CSIHOCSS3 / INTP9 / PWGA370 / ADCAOI7S
69 P8_6 / NMI / CSIHOCSS4 / PWGA380 / RTCAOOUT / ADCAOI8S
70 P8_7 / CSIH3CSS0 / PWGA390 / ADCA0I14S
71 P8_8/ CSIH3CSS1 / PWGA400 / ADCAOI15S
72 P8_9 / CSIH3CSS2 / PWGA410 / ADCAOI16S
73 AOVSS
74 AOVREF
75 APO_15 / ADCAO0I15
76 APO_14 / ADCAOI14
77 APO_13/ ADCAO0I13
78 APO_12 / ADCAO0I12
79 APO_11/ ADCAOI11
80 APO_10 / ADCAO0I10
81 APO_9 / ADCAOI9
82 AP0O_8 / ADCA0I8
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Section 2 Pin Function

Table 2.5 Pin Assignment 144 pin LQFP (3/4)
Pin No. Pin Name
83 APO_7 / ADCAQI7
84 APO_6 / ADCAO0I6
85 APO_5/ ADCAOI5
86 APO_4 | ADCAOI4
87 APO_3/ADCAO0I3
88 APQ_2 / ADCAQI2
89 APO_1 / ADCAQIL
90 APO_0 / ADCA0IO
91 EVSS
92 P9_0/NMI/ PWGASO / TAUDOIO / TAUDOOO / ADCAOTRGO / CSIH2CSS0 / KROI4 / ADCAOI2S
93 P9_1/INTP1L1/PWGA9O / TAUDOI2 / TAUD0OO2 / KROI5 / CSIH2CSS1 / ADCAOI3S
94 P9_2/ KROI6 / PWGA200 / TAPAOESO / CSIH2CSS2 / ADCAOI9S
95 P9_3/KROI7 / PWGA210 / CSIH2CSS3 / ADCA0I10S
96 P9_4/ CSIHOCSSS5 / PWGA330 / TAUJLIO / TAUJ100 / ADCAOI11S
97 P9_5/ CSIHOCSS6 / PWGA340 / TAUJLIL / TAUJ101 / ADCAOI12S
98 P9_6/ CSIHOCSS7 / PWGA350 / ADCAQIL3S
99 P20_5 / RLIN23TX / PWGAB00
100 P20_4 / RLIN23RX / PWGA590
101 EvCC
102 AP1_7/ ADCALI7
103 AP1_6/ADCALI6
104 AP1_5/ADCALI5
105 AP1_4/ ADCALI4
106 AP1_3/ADCALI3
107 AP1_2/ADCALI2
108 AP1_1/ADCALIL
109 AP1_0/ADCALIO
110 ALVREF
111 A1VSS
112 BvVCC
113 ISOVCL
114 ISOVSS
115 P18_0/ CSIG1RYI/ CSIGIRYO / PWGA610 / ADCALI0S
116 P18_1/PWGA620 / ADCALILS
117 P18_2 / PWGA630 / ADCALI2S
118 P18_3/ADCALI3S
119 BVSS
120 P10_6 / TAUDOI13 / TAUDOO13 / CSIGOSO / ENCAOTINO / ADCAOSEL2 / CANIRX / INTP1
121 P10_7 / TAUDOI15 / TAUDOO15 / CSIGOSC / ENCAOTIN / PWGA40 / CANLTX
122 P10_8 / TAUDOI10 / TAUDOO10 / CSIGOSI / ENCAOEC / PWGAS50 / FLMD1
123 P10_9/ TAUDOI12 / TAUDOO12 / RLIN30RX / INTP10 / ENCAOEO / PWGAG0 / CSIHORY! / CSIHORYO
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Section 2 Pin Function

Table 2.5 Pin Assignment 144 pin LQFP (4/4)
Pin No. Pin Name
124 P10_10 / TAUDOI14 / TAUDOO14 / RLIN30TX / ENCAOE1 / PWGA70 / CSIHOCSS1
125 P10_11/PWGA160 / RLIN31RX / INTP11 / CSIH1CSS0 / TAUBOI1 / TAUBOO1
126 P10_12 / PWGA170 / RLIN31TX / CSIH1CSS1 / TAUBOI3 / TAUB0O3
127 P10_13 / CSIHOSSI/ PWGA180 / RLIN32RX / INTP12 / TAUBOI5 / TAUBOO5
128 P10_14 / ADCA1TRGO / PWGA190 / RLIN32TX / CSIH3SSI / TAUBOI7 / TAUBOO7
129 P11_1/CSIH2SSI/ RLIN20RX / PWGA260 / TAUBOI13 / TAUB0O13
130 P11_2 / CSIH2SO / RLIN20TX / PWGA270 / TAUBOI15 / TAUBOO15
131 P11_3/ CSIH2SC / CAN3RX / INTP3 / PWGA280
132 P11_4/ CSIH2SI / CAN3TX / PWGA290
133 P11_5/ CANSRX*? / INTP5 / RLIN33TX / PWGA300 / CSIH3SI
134 P11_6/ RLIN33RX / INTP13 / CAN5TX*? / ADCAITRG1 / PWGA310 / CSIH3SO
135 P11_7 / INTP5 / PWGA320 / CSIH3SC
136 P11_15/ CAN2RX / INTP2 / CSIH2CSS4 / PWGA550
137 P12_0/ CAN2TX / PWGA560
138 P12_1/RLIN34RX / INTP14 / CSIH2CSS5 / PWGA570
139 P12_2 / RLIN34TX / PWGA580
140 BVCC
141 BVSS
142 P10_0/ TAUDOI1 / TAUDOO1 / CANORX / INTPO / CSCXFOUT / PWGAQO / TAPAOUP / CSIH1SI
143 P10_1/ TAUDOI3 / TAUDOO3 / CANOTX / PWGA10 / TAPAOUN / CSIH1SC / MODEO
144 P10_2 / TAUDOI5 / TAUDOOS / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / TAPAOVP / CSIH1SO / MODE1

Note 1. The EVTO pin is only available in devices with 2-MB code flash memory.
Note 2.  The CANmMTX and CANmMRX pins (m = 4, 5) are only available in devices with 1.5- and 2-MB code flash
memories.
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Section 2 Pin Function

Table 2.6

Pin Assignment 176 pin LQFP (1/5)

Pin No.

Pin Name

1

P10_3/TAUDOI7 / TAUDOO7 / RIICOSCL / KROI1 / PWGA30 / ADCAOTRG1 / TAPAOVN / CSIH1SSI / MEMCOCLK

P10_4 / TAUDOI9 / TAUDOO9 / RLIN21RX / KROI2 / ADCAOSELO / ADCAOTRG2 / TAPAOWP / CSIGOSSI

3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / ADCAOSEL1 / TAPAOWN / CSIGORY! / CSIGORYO

4 BVCC

5 BVSS

6 P10_15/ CSIH3RYI / CSIH3RYO / PWGA240 / RLIN22RX / TAUBOI9 / TAUBOO9 / MEMCORD

7 P11_0/ CSIH2RYI / CSIH2RYO / ADCA1TRG2 / PWGA250 / RLIN22TX / TAUBOI11 / TAUB0O11 / MEMCOWR

8 P11 _8/CSIG1SSI/RLIN35TX / PWGA480 / TAUB1I11 / TAUB1011 / MEMCOCSO

9 P11_9/CSIG1SO / RLIN35RX / INTP15 / PWGA490 / TAUB1I13 / TAUB1013 / MEMCOCS1

10 P11_10/CSIG1SC / PWGA500 / TAUB1I15 / TAUB1015 / MEMCOCS2

1 P11_11/CSIG1SI/RLIN25TX / PWGA510 / TAUB1I0 / TAUB100 / MEMCOCS3

12 P11_12/RLIN25RX / PWGA520 / TAUBLI2 / TAUB102 / MEMCOWAIT

13 P11_13/RLIN24RX / PWGA530 / TAUB1I4 / TAUB104 / MEMCOBENO

14 P11_14/RLIN24TX / PWGA540 / TAUBLI6 / TAUB106 / MEMCOBEN1

15 P12_3/RLIN27RX / PWGA680

16 P12_4/RLIN27TX / PWGA690

17 P12_5/PWGA700

18 PO_0/TAUDOI2 / TAUDOO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT

19 PO_1/ TAUDOI4 / TAUDOO4 / CANORX / RLIN20TX / INTPO / PWGA110 / CSIHOSI / APO

20 PO_2 / TAUDOI6 / TAUDOO6 / CAN1RX / RLIN30TX / PWGA120 / CSIHOSC / INTP1 / DPO

21 PO_3/ TAUDOI8 / TAUDOOS / RLIN3ORX / CAN1TX / DPIN1 / PWGA130 / CSIHOSO / INTP10

22 EVCC

23 PO_4 / RLIN31RX / INTP11 / CAN2TX / PWGA100 / CSIH1SI / SELDPO / DPINS

24 PO_5/ CAN2RX / INTP2 / RLIN31TX / DPIN / SELDP1 / CSIH1SO

25 PO_6/ INTP2 / DPIN10 / SELDP2 / CSIH1SC

26 PO_11 / RIICOSDA / DPIN12 / CSIH1CSS2 / TAUBOI8 / TAUB0OOS / RLIN26RX

27 PO_12 / RIICOSCL / DPIN13 / PWGA450 / TAUBOI10 / TAUBOO10 / CSIGOSI / RLIN26TX

28 PO_13/ RLIN32RX / INTP12 / PWGA460 / TAUBOI12 / TAUB0O12 / CSIGOSO / CANSRX / INTP5

29 PO_14 / RLIN32TX / PWGA470 / TAUBOI14 / TAUB0O14 / CSIGOSC / CAN5TX

30 P1_0/RLIN33RX / INTP13

31 P1_1/RLIN33TX

32 P1_2/CAN3RX / INTP3

33 P1_3/CAN3TX /DPIN23

34 P1_12/ CAN4RX / INTP4

35 P1_13/CANATX

36 P2_6

37 EVSS

38 P8_2 / TAUJOIO / TAUJOOO / DPIN2 / CSIHOCSSO0 / INTP6 / PWGA220 / ADCAOI4S

39 P8_10/ CSIH3CSS3 / DPIN14 / PWGA420 / ADCAOI17S

40 P8_11/ TAUJ1I2 / TAUJ102 / DPIN15 / PWGA430 / CSIH1CSS4 / ADCAOI18S

41 P8_12 / TAUJ1I3 / TAUJ103 / DPIN16 / PWGA440 / CSIHICSS5 / ADCAOI19S
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Table 2.6 Pin Assignment 176 pin LQFP (2/5)

Pin No. Pin Name

42 JPO_5/ NMI / RTCAOOUT / TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT

43 JPO_4/DCUTRST

44 JPO_3/INTP3/ CSCXFOUT / TAUJOI2 / TAUJOO2 / DCUTMS

45 JPO_2/ INTP2 / TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK

46 JPO_1/INTP1 /TAUJOIO / TAUJOOO / DCUTDO / LPDO

47 JPO_0/INTPO / DCUTDI/ LPDI / LPDIO

48 P2_1/RLIN27TX

49 P2_0/RLIN27RX

50 P1_11/ADCALTRG2 / RLIN24TX / DPIN22

51 P1_10/ RLIN24RX / DPIN21

52 P1_9/RLIN34TX / DPIN20

53 P1_8/RLIN34RX / INTP14

54 RESET

55 EvCC

56 XT1

57 IPO_0/ XT2

58 AWOVSS

59 AWOVCL

60 REGVCC

61 X2

62 X1

63 FLMDO

64 P2_3/RLIN28TX

65 P2_2/ RLIN28RX

66 JPO_6/EVTO **

67 PO_10/INTP3/CSIH1CSS1 / DPIN11 / RLIN22TX / TAUBOI6 / TAUBOO6 / CANATX

68 PO_9/INTP12/ CSIHICSSO0 / DPIN7 / RLIN22RX / TAUBOI4 / TAUBOO4 / CAN4RX / INTP4

69 PO_8/ RLIN21TX / DPIN6 / CSIH1SSI / TAUBOI2 / TAUBOO2 / CAN3TX

70 PO_7 / RLIN21RX / DPIN5 / CSCXFOUT / CSIH1RYI / CSIH1IRYO / TAUBOIO / TAUBOOO / CAN3RX / INTP3

71 EVSS

72 P1_7 / ADCA1TRG1 / RLIN25TX / DPIN19

73 P1_6/RLIN25RX / DPIN18

74 P1_5/ADCA1TRGO / RLIN35TX / DPIN17

75 P1_4/RLIN35RX / INTP15

76 P2_4/ RLIN29RX

77 P2_5/ RLIN29TX

78 P1_14 / RLIN23RX

79 P1_15/RLIN23TX

80 P8_0 / TAUJOIO / TAUJOOO / DPIN2 / PWGA140 / INTP4 / CSIHOCSS0 / ADCAOIOS

81 P8_1/ TAPAOESO / TAUJOO1 / DPINO / PWGA150 / INTP5 / CSIH1CSS3 / ADCAOILS

82 P8_3/TAUJOI1 / TAUJOO1 / DPIN3 / CSIHOCSS1 / INTP7 / PWGA230 / ADCAOISS
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Table 2.6 Pin Assignment 176 pin LQFP (3/5)
Pin No. Pin Name
83 P8_4/TAUJOI2 / TAUJOO2 / DPIN4 / CSIHOCSS2 / INTP8 / PWGA360 / ADCA0I6S
84 P8_5/ TAUJOI3 / TAUJOO3 / CSIHOCSS3 / INTP9 / PWGA370 / ADCAOITS
85 P8_6/ NMI/ CSIHOCSS4 / PWGA380 / RTCAOOUT / ADCAQI8S
86 P8_7 / CSIH3CSS0 / PWGA390 / ADCAQIL4S
87 P8_8/ CSIH3CSS1/ PWGA400 / ADCAOIL5S
88 P8_9/ CSIH3CSS2 / PWGA410 / ADCAQIL6S
89 AOVSS
90 AOVREF
91 APO_15 / ADCA0I15
92 APO_14 / ADCAOI14
93 APO_13 / ADCA0I13
94 APO_12 / ADCA0I12
95 APO_11/ ADCAOI11
96 APO_10 / ADCA0I10
97 APO_9 / ADCAQI9
98 APO_8/ ADCAQI8
99 APQ_7 / ADCAQI7
100 APO_6 / ADCAOI6
101 APO_5/ ADCAOI5
102 APQ_4 / ADCAOI4
103 APQ_3/ ADCAOI3
104 APO_2 / ADCAQI2
105 APO_1 / ADCAOIL
106 APQ_0 / ADCAOIO
107 EVSS
108 P9_0/NMI/ PWGASO / TAUDOIO / TAUDOOO / ADCAOTRGO / CSIH2CSSO0 / KROI4 / ADCA0I2S
109 P9_1/INTP11/PWGA90 / TAUDOI2 / TAUD0OO2 / KROI5 / CSIH2CSS1 / ADCAOI3S
110 P9_2 / KROI6 / PWGA200 / TAPAOESO / CSIH2CSS2 / ADCAOI9S
111 P9_3/KROI7 / PWGA210 / CSIH2CSS3 / ADCAOI10S
112 P9_4/ CSIHOCSS5 / PWGA330 / TAUJLI0 / TAUJ100 / ADCAOI1LS
113 P9_5/ CSIHOCSS6 / PWGA340 / TAUJLIL / TAUJ1O1 / ADCAOI12S
114 P9_6/ CSIHOCSS7 / PWGA350 / ADCAOI13S
115 P20_3 / CAN4TX / PWGA670
116 P20_2 / CAN4RX / INTP4 / PWGAG60
117 P20_1/RLIN26TX / PWGAB50
118 P20_0 / RLIN26RX / PWGAB40
119 P20_5 / RLIN23TX / PWGAB00
120 P20_4 / RLIN23RX / PWGA590
121 EVCC
122 AP1_11/ADCA1I11
123 AP1_10 / ADCALI10
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Section 2 Pin Function

Table 2.6 Pin Assignment 176 pin LQFP (4/5)

Pin No. Pin Name

124 AP1_9/ADCALI9

125 AP1_8/ADCALI8

126 AP1_7/ADCALI7

127 AP1_6/ADCALI6

128 AP1_5/ADCALI5

129 AP1_4/ ADCALI4

130 AP1_3/ADCALI3

131 AP1_2/ ADCALI2

132 AP1_1/ADCALIL

133 AP1_0/ADCALIO

134 AP1_15/ ADCALI15

135 AP1_14/ ADCALI14

136 AP1_13/ADCALI13

137 AP1_12 / ADCALI12

138 ALVREF

139 ALVSS

140 BVCC

141 ISOVCL

142 ISOVSS

143 P18_0/ CSIGLRYI/ CSIGIRYO / PWGA610 / ADCALI0S

144 P18_1/PWGA620 / ADCALILS

145 P18_2 / PWGAG30 / ADCALI2S

146 P18_3/PWGA710 / ADCALI3S

147 P18_4/ CSIH1CSS4 / ADCALI4S

148 P18_5/CSIH1CSS5 / ADCALISS

149 P18_6 / ADCALI6S

150 P18_7 / ADCALI7S

151 BVSS

152 P10_6 / TAUDOI13 / TAUDOO13 / CSIGOSO / ENCAOTINO / ADCAOSEL2 / CANLRX /INTP1 / MEMCOADO

153 P10_7 / TAUDOI15 / TAUDOO15 / CSIGOSC / ENCAOTINL / PWGA40 / CANLTX / MEMCOAD1

154 P10_8 / TAUDOI10 / TAUDOO10 / CSIGOSI / ENCAOEC / PWGAS50 / MEMCOAD2 / FLMD1

155 P10_9/ TAUDOI12 / TAUDOO12 / RLIN30RX / INTP10 / ENCAOEO / PWGAG0 / CSIHORY! / CSIHORYO /

MEMCOAD3

156 P10_10/ TAUDOI14 / TAUDOO14 / RLIN30TX / ENCAOE1 / PWGA70 / CSIHOCSS1 / MEMCOAD4

157 P10_11 / PWGAL60 / RLIN31RX / INTP11 / CSIH1CSS0 / TAUBOI1 / TAUBOO1 / MEMCOADS

158 P10_12 / PWGAL70 / RLIN3LTX / CSIH1CSS1 / TAUBOI3 / TAUBOO3 / MEMCOAD6

159 P10_13/ CSIHOSSI/ PWGA180 / RLIN32RX / INTP12 / TAUBOI5 / TAUBOO5 / MEMCOAD?

160 P10_14 / ADCALTRGO / PWGA190 / RLIN32TX / CSIH3SSI / TAUBOI7 / TAUBOO7 / MEMCOADS

161 P11_1/CSIH2SSI / RLIN20RX / PWGA260 / TAUB0I13 / TAUBOO13 / MEMCOAD9

162 P11_2/CSIH2SO / RLIN20TX / PWGA270 / TAUBOI15 / TAUBOO15 / MEMCOAD10

163 P11_3/CSIH2SC / CAN3RX / INTP3 / PWGA280 / TAUBLIL / TAUB101 / MEMCOAD11

164 P11_4/CSIH2SI / CAN3TX / PWGA290 / TAUB1I3 / TAUB1O3 / MEMCOAD12
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Table 2.6 Pin Assignment 176 pin LQFP (5/5)

Pin No. Pin Name

165 P11_5/CANSRX / INTP5 / RLIN33TX / PWGA300 / CSIH3SI / TAUB1I5 / TAUB10O5 / MEMCOAD13

166 P11_6/RLIN33RX / INTP13 / CAN5STX / ADCA1TRG1 / PWGA310 / CSIH3SO / TAUB1I7 / TAUB1O7 /
MEMCOAD14

167 P11_7/ INTP5/ PWGA320 / CSIH3SC / TAUB1I9 / TAUB109 / MEMCOAD15

168 P11_15/CAN2RX / INTP2 / CSIH2CSS4 / PWGA550 / TAUB1I8 / TAUB108 / MEMCOASTB

169 P12_0/ CAN2TX / PWGA560 / TAUB1I10 / TAUB1010 / MEMCOA16

170 P12_1/RLIN34RX / INTP14 / CSIH2CSS5 / PWGA570 / TAUB1I12 / TAUB1012 / MEMCOA17

171 P12_2 /RLIN34TX / PWGA580 / TAUB1I14 / TAUB1014 / MEMCOA18

172 BVCC

173 BVSS

174 P10_0/ TAUDOI1 / TAUDOO1 / CANORX /INTPO / CSCXFOUT / PWGAQO / TAPAOUP / CSIH1SI / MEMCOA19

175 P10_1/ TAUDOI3 / TAUDOO3 / CANOTX / PWGA10 / TAPAOUN / CSIH1SC / MODEO

176 P10_2 / TAUDOIS / TAUDOOS5 / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / TAPAOVP / CSIH1SO / MODE1

Note 1. The EVTO pin is only available in devices with 2-MB code flash memory.
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2.2  Pin Description

Table 2.7 Pin Functions (1/5)

No. of Pins
Pin Name 48 pins 64 pins 80 pins 100 pins 144 pins 176 pins 10 Pin Function Unit
ANVREF \/ y V \/ R 3 — ADCAnN voltage supply and ADCAN
P DY —o P n=01 n=01 reference voltage
AnVSS V y Y V V v — ADCAnN ground
n=0 n=0 n=0 n=0 n=0,1 n=0,1
ADCANIm \/ y y \/ \l V I ADCAn input channel m with
h=0, n=o. n=o, h=0, h=0, n=o0.1 12-bit resolution
m=0to7 m=0t09 m=0t010 m=0t015 m=0to15 m=0to 15
=607
ADCAOIMS v N v v v N | ADCAO input channel m with
m=0t03 m=0t010 m=0t013 mM=0t019 m=0t019 m=0to 19 10-bit resolution
ADCA1ImS — — — — N 3 I ADCAL input channel m with
I 10-bit resolution
ADCAOSELy N v v v v O  External MPX selection pin y for ADCAO
y=0to2 y=0to2 y=0to2 y=0to2 y=0to2 y=0to2 nput
ADCANTRGy y y \/ V v I ADCAn external trigger pin y
n=0, n=0, n=0, n=0, n=0,1, n=0,1,
y=0to2 y=0to2 y=0to2 y=0to2 vy=0to2 y=0to 2
APO_m V y y \ V R IO Analog port 0_m Port
m=0to7 m=0t09 m=0to10 m=0to15 m=0to15 m=0to 15
AP1_m — — — — \/ v IO Analog port 1_m
m=0to7 m=0to15
APO V y y V 3 O Port output signal for analog input LPS
AWOVCL v y \ v N — Voltage regulator for AWO area capacitor Power
connection
AWOVSS V y y V \ 3 — Internal logic for AWO area ground
BVCC — — — — v N — Port buffer voltage supply
BVSS — — — — v N — Port buffer ground
CANMRX \ y Y \/ \/ R I CANmM receive data input RS-CANn
m=0 m=0to2 m=0to2 m=0to2, m=0to3, m=0to5
m=0to 5 m=0to 53
CANMTX Y y y Y Y Y O CANm transmit data output
m=0 m=0to2 m=0to2 m=0to2, m=0to3, m=0to5
m=0to 5% m=0to 5
CSCXFOUT y V d d 3 O Clock output Clock
CSIGnRY!I Y y y Y Y R I CSIGn ready (1) / busy (0) input signal ~ CSIGn
n=0 n=0 n=0 n=0 n=0,1 n=0,1
CSIGNRYO \/ y Y V \/ R O CSIGn ready (1) / busy (0) output signal
n=0 n=0 n=0 n=0 n=0,1 =0,1
CSIGnSC v N \ v v v IO CSIGn serial clock signal
n=0 n=0 n=0 n=0 n=0,1 =0,1
CSIGnSI \/ y y \/ \/ R | CSIGn serial data input
n=0 n=0 n=0 n=0 n=0,1 =0,1
CSIGnSO v y y v v R O CSIGn serial data output
n=0 n=0 n=0 n=0 =0,1 =0,1
CSIGnSSI \/ y y \/ \/ R I CSIGn SS function control input signal
n=0 n=0 n=0 n=0 n=0,1 n=0,1
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Section 2 Pin Function

Table 2.7 Pin Functions (2/5)
No. of Pins
Pin Name 48 pins 64 pins 80 pins 100 pins 144 pins 176 pins 10 Pin Function Unit
CSIHnCSS0 y V \/ V 3 O CSIHn serial peripheral chip select signal CSIHn
n=0 n=0 n=0to2 n=0to3 n=0to3 n=0to3 0
CSIHnCsSSs1 y Y \/ \/ v O CSIHn serial peripheral chip select signal
n=0 n=0 n=0to2 n=0to3 n=0to3 n=0to3 !
CSIHNCSS2 — y V \/ V 3 O CSIHn serial peripheral chip select signal
n=0 n=0to2 n=0to3 n=0to3 n=0to3 2
CSIHNCSS3  — y Y V V v O CSIHn serial peripheral chip select signal
n=0 n=0to2 n=0to3 n=0toc3 n=0to3 3
CSIHNCSS4  — — \ N N 3 O CSIHn serial peripheral chip select signal
n=0 n=0,1 n=0to2 n=0to2 4
CSIHNCSS5  — — y v \/ R O CSIHn serial peripheral chip select signal
n=0 n=0,1 n=0to2 n=0to2 °
CSIHNCSS6  — — V \/ v 3 O CSIHn serial peripheral chip select signal
n=0 n=0 n=0 n=0 6
CSIHNCSS7  — — \ \/ v R O CSIHn serial peripheral chip select signal
n=0 n=0 n=0 n=0 !
CSIHNRYI N N v N v V I CSIHn ready (1) / busy (0) input signal
n=0 n=0 n=0to2 n=0to3 n=0to3 n=0to3
CSIHNRYO v N N v v N O CSIHn ready (1) / busy (0) output signal
n=0 n=0 n=0to2 n=0tc3 n=0to3 n=0to3
CSIHNSC v N v N N y I0 CSlHn serial clock signal
n=0 n=0 n=0to2 n=0to3 n=0to3 n=0to3
CSIHnSI \/ y \/ \/ v y | CSIHn serial data input
n=0 n=0 n=0to2 n=0tc3 n=0to3 n=0to3
CSIHNSO Y Y V Y Y V O CSIHn serial data output
n=0 n=0 n=0to2 n=0tc3 n=0to3 n=0to3
CSIHNSSI \/ y Y \/ v y I CSlHn slave select input signal
n=0 n=0 n=0to2 n=0to3 n=0to3 n=0to3
DCURDY \/ y y \/ \/ 3 O Debug ready oCD
DCUTCK Y y V Y Y R | Debug clock
DCUTDI v N v N N v | Debug data input
DCUTDO \/ y y \/ \/ R O Debug data output
DCUTMS V y V V Y 3 | Debug mode select
DCUTRST N y Y Y Y Y | Debug reset
DPINm y y y \/ \/ v | Digital port input m LPS
m=0t02 m=0to4, m=0t011 m=0to16 m=0t023 m=0to 23
81010
DPO y y y V Y R O Output for digital input port
ENCAOEO v N v v v v | ENCAn encoder input 0 ENCAO
ENCAOE1 d y y d d R I ENCAn encoder input 1
ENCAOTINm y y V \/ 3 I ENCAO capture trigger input m
m=0,1 m=0,1 m=0,1 m=0,1 m=0,1 m=0,1
ENCAOEC v N v v v v | ENCAn encoder clear input
EVCC V Y y V \/ R — Port buffer voltage supply Power
EVSS V y y Y \/ 3 — Port buffer ground
EVTO — — — — VL 1 O Event output TEU_OUT
FLMDO N N v v v v | Operating mode select pin 0 Mode
FLMD1 \/ y V R | Operating mode select pin 1
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Table 2.7 Pin Functions (3/5)

No. of Pins
Pin Name 48 pins 64 pins 80 pins 100 pins 144 pins 176 pins 10 Pin Function Unit
INTPm \/ y V \/ V 3 | External interrupt input m INTC

m=0to5 m=0to5 m=0to8 m=0to8 m=0to1l5 m=0to15
10, 11 10,11 10to12 10to13

IPO_0 — — — — N v | Input port 0_0 Port
ISOVCL \/ y V Y \/ 3 — Voltage regulator for ISO area capacitor ~ Power
connection
ISOVSS v N \ v v v — Internal logic for ISO area ground
JPO_m v N v N N v IO JTAG port 0_m Port
m=0to5 m=0to5 m=0to5 m=0to5 m=0to6 m=0to6
KROIm v N v v v v I KRO key input signal KRO
m=0to5 m=0to7 m=0to7 m=0to7 m=0to7 m=0to7
LPDCLK V y y \l \l R | LPD clock input (4-pin) LPD
LPDCLKOUT y y V V 3 O LPD clock output (4-pin)
LPDI v y y v v R | LPD data input (4-pin)
LPDIO v N v v v v I0 LPD data input / output (1-pin)
LPDO V y y \/ \/ R O LPD data output (4-pin)
MEMCOAmM — — — — — 3 O MEMCO address m MEMCO
m=
16 to 19
MEMCOADmMm  — — — — — R I0 MEMCO address / data m
m=0to 15
MEMCOASTB — — — — — \/ O MEMCO address strobe
MEMCOBENmM — — — — — R O MEMCO byte enable m
m=0,1
MEMCOCLK — — — — — Y O MEMCO clock output
MEMCOCSm  — — — — — N O MEMCO chip select m
m=0to 3
MEMCORD — — — — — 3 O MEMCO read strobe
MEMCOWAIT — — — — — V I MEMCO wait input
MEMCOWR  — — — — — \/ O MEMCO write strobe
MODEm \/ y \ \/ \/ R | Sub operating mode select Mode
m=0,1 m=0,1 m=0,1 m=0,1 m=0,1 m=0,1 (Boundary scan)
NMI v N \ N v v | External non-maskable interrupt input INTC
PO_m v N v v N v I0 Port0_m Port
m=0t03 m=0to6 m=0to12m=0to14 m=0to14 m=0to 14
P1m — — — — «l 3 IO Portl_m
m=0to11 m=0to15
P2_m — — — — — v IO Port2_m
m=0to 6
P8 _m V y V d d 3 IO Port8 m
m=0,1 m=0to6 m=0to6 m=0to12 m=0to12 m=0to 12
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Table 2.7 Pin Functions (4/5)
No. of Pins
Pin Name 48 pins 64 pins 80 pins 100 pins 144 pins 176 pins 10 Pin Function Unit
P9 _m \/ y V \/ V 3 IO Port9 m Port
m=0,1 m=0t03 m=0to6 m=0to6 m=0to6 m=0to6
P10_m v N v v v v IO Port10_m
m=0t010 m=0t014 m=0t015m=0t015 m=0to15 m=0to 15
P11_m — — y Y «l 3 IO Port11_m
m=0t04 m=0to7 m=0to15 m=0to15
P12_m — — — — \ v IO Port12_m
m=0to2 m=0to5
P18_m — — — — wl 3 IO Port18_m
m=0to3 m=0to7
P20_m — — — — V v IO Port20_m
m=4,5 m=0to5
PWGANO v y V Y V V O PWGAn output signal PWM-Diag
n=0t012 n=0t023 n=0t023 n=0to47 n=0to63 n=0to71
REGVCC N N v v v v — Voltage regulators voltage supply Power
RESET \/ y y \/ \/ R | External reset input Reset
RESETOUT y y \/ \/ 3 O Reset output
RIICOSCL \ V v \ \ \ IO RIICO serial clock RIICO
RIICOSDA d v v d V \ IO RIICO serial data
RLIN2MRX d y y d d R I RLIN2m receive data input RLIN2m
m=0,1 m=0,1 m=0,1 m=0to2 m=0to5 m=0to9
RLIN2mMTX v N v v v v O RLIN2m transmit data output
m=0,1 m=0,1 m=0,1 m=0to2 m=0to5 m=0to9
RLIN3nRX d y V V d R I RLIN3n receive data input RLIN3n
n=0 n=0,1 n=0to2 n=0to3 n=0to5 n=0to5
RLIN3nTX x/ V y v x/ v O RLIN3n transmit data output
n=0 n=01 n=0to2 n=0to3 n=0to5 n=0to5
RTCAOOUT  — — — — d 3 O RTCAO 1Hz output RTCAO
SELDPk — y V \/ \/ V O External multiplexer selection output LPS
k=0to2 k=0to2 k=0to2 k=0to2 k=0to2 signal k for digital port
TAPAOESO \l y y \l \l \/ | Hi-Z control Motor control
TAPAOUN \/ y V \/ \/ 3 O Motor control output U phase (negative)
TAPAOUP V y y V Y R O Motor control output U phase (positive)
TAPAOVN \/ y y v v R O Motor control output V phase (negative)
TAPAOVP \l y y \l \/ R O Motor control output V phase (positive)
TAPAOWN \/ y y R \/ 3 O Motor control output W phase (negative)
TAPAOWP V y V Y Y R O Motor control output W phase (positive)
TAUDOImM V y Y V v v I TAUDO channel input m TAUDO
m=0t015mM=0t015 mM=0t015m=0t015 m=0to15 m=0to 15
TAUDOOm \/ y V \/ V 3 O TAUDO channel output m
m=0to15 m=0t015 m=0to15 m=0to15 m=0to15 m=0to 15
TAUBNImM — — — V v R I TAUBN channel input m TAUBN
n=0, n=0, n=0,1,
m=0to15 m=0to15 m=0to15
TAUBNOm — — — v v v O TAUBN channel output m
n=0, n=0, n=0,1,
m=0to15 m=0to1l5 m=0to15
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Table 2.7 Pin Functions (5/5)
No. of Pins

Pin Name 48 pins 64 pins 80 pins 100 pins 144 pins 176 pins 10 Pin Function Unit
TAUJINIM wl y V «l V 3 I TAUJn channel input m TAUJN

n=0 n=0, n=0 n=0,1, n=0,1, n=0,1,

m=0t03 m=0to3 m=0to3 m=0to3 m=0to3 m=0to3
TAUJINOmM \/ y y \/ \/ R O TAUJn channel output m

n=0 n=0 n=0 n=0,1, n=0,1, n=0,1,

m=0to3 m=0to3 m=0to3 m=0to3 m=0to3 m=0to3
X1, X2 \ y y \l \ v — MainOSC connections MOSC
XT1, XT2 — — — — \/ v — SubOSC connections SOsC

Note 1. The EVTO pin is only available in devices with 2-MB code flash memory.
Note 2.  “m =0to 5" is only available for F1L for Gateway.
Note 3.  “m =0 to 5" is only available in devices with 1.5- and 2- MB code flash memories.

CAUTION

e When pin functions for a peripheral module are allocated to multiple pins, use the
pins from the same port group or nearby pins as the pins for a given channel.
(e.g.) When RS-CAN channel 0 is used:

CANOTX PO 0 P10 1
CANORX PO_1 P10.0
Use one of the following pin combinations:

— P0O_0 and PO_1.
— P10_0 and P10_1.

e The combinations of PO_0 and P10_0, and PO_1 and P10_1 are not allowed.
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2.3  Pin Functions During and After Reset

Table 2.8 Pin Functions During and After Reset
Pins During Reset**  After Reset**
JPO_0O High impedance JPO_O : High impedance
Serial programming mode: FPDR, FPDT (1 wire UART)
FPDR (2 wire UART)
Nexus I/F : DCUTDI input
LPD (4-pin) :LPDI input
LPD (1-pin) :LPDIO input/output
JPO_1 High impedance JPO_1 : High impedance
Serial programming mode: FPDT
Nexus I/F : DCUTDO output
LPD (4-pin) :LPDO output
LPD (1-pin) : High impedance
JP0O_2 High impedance JPO_2 : High impedance
Serial programming mode: FPCK
Nexus I/F : DCUTCK input
LPD (4-pin) :LPDCLK input
LPD (1-pin) : High impedance
JPO_3 High impedance JPO_3 : High impedance
Serial programming mode: High impedance
Nexus I/F : DCUTMS input
LPD (4-pin) : High impedance
LPD (1-pin) : High impedance
JPO_4 Input”™® JPO_4 : High impedance
Serial programming mode: High impedance
Nexus I/F : DCUTRST input™
LPD (4-pin) : High impedance
LPD (1-pin) : High impedance
JPO_5 High impedance JPO_5 : High impedance
Serial programming mode: High impedance
Nexus I/F  : DCURDY output
LPD (4-pin) : LPDCLKOUT output
LPD (1-pin) : High impedance
JPO_6 High impedance JPO_6 : High impedance
Serial programming mode: High impedance
Nexus I/F : EVTO output™
LPD (4-pin) : High impedance
LPD (1-pin) : High impedance
PO_O Output™ Output™
PO_1to PO_14 High impedance High impedance

P1, P2, P8 to P12, P18, P20

(except P10_1, P10_2, and P10_8)

High impedance

High impedance

P10_1 High impedance High impedance (FLMD = 0)
High impedance (FLMDO = 1, FLMD1 = 0)
MODEQO input (FLMDO = 1, FLMD1 = 1)
P10_2 High impedance High impedance (FLMD = 0)
High impedance (FLMDO = 1, FLMD1 = 0)
MODEL input (FLMDO = 1, FLMD1 = 1)
P10_8 High impedance High impedance (FLMD = 0)
FLMD1 input (FLMDO = 1)
FLMDO Input Input
RESET Input Input
APO, AP1 High impedance High impedance

Note 1.  When Nexus is enabled and no external device is connected, the level of the pin must always be fixed to low.

Note 2. RESETOUT is output. For details, see Section 2.11, Port (Special 1/0) Function Overview.

Note 3.  When the power is turned on or when a reset is deasserted, the JP0_4 pin should be driven Low.

Note 4. It is shown that some pin status is high impedance during and after reset. However the output pin has a
possibility to become unstable at the transition moment (less than 12ns) of external and internal reset. After
that, pin status will be Hi-Z. The phenomenon of unstable output period and influence of the pin level after
the unstable situation, it depends on customer board and measurement conditions.

Note 5. The EVTO pin is only available in devices with 2-MB code flash memory.
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2.4  Port State in Standby Mode

For the port states in standby mode, see Section 11.1.4, I/O Buffer Control.
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2.5

Recommended Connection of Unused Pins

If the pins are not used, it is recommended to connect them as shown below.

Table 2.9

Recommended Connection of Unused Pins

Pin

Recommended Connection of Unused Pins

AOVREF, A1VREF*3

Connected to EVCC or BVCC*3

AOVSS, A1VSS*3

Connected to EVSS or BVSS*3

RESET Connected to EVCC
XT1 Connected to AWOVSS
IPO_0 Connected to REGVCC or AWOVSS via a resistor (bit 0 of IPIBCO = 1)

Open (bit 0 of IPIBCO = 0)

JPO (excluding JPO_4) Input:  Open (when the PIBCn_m and PMCn_m bits are 0)
PO (excluding PO_0) Connected to EVCC or EVSS via a resistor (when the PIBCn_m or PMCn_m
P1 bits are 1)
P2 Output: Open
P8
P9
P20
PO_0O Input:  Open (when the PIBCn_m and PMCn_m bits are 0)
Connected to EVSS via a resistor (when the PIBCn_m or PMCn_m bits are 1)
Output: Open
JPO_4 Connected to EVSS via a resistor*2

P10_1, P10_2, P10_8

Input:

Output:

Open (when the PIBCn_m and PMCn_m bits are 0)

For 48 pins, 64 pins, 80 pins, 100 pins: Connected to EVSS via a resistor
(when the PIBCn_m or PMCn_m bits are 1)

For 144 pins and 176 pins: Connected to BVSS via a resistor (when the
PIBCn_m or PMCn_m bits are 1)

Open

P10 (excluding P10_1,

Input:

Open (when the PIBCn_m and PMCn_m bits are 0)

P10_2, P10_8) For 48 pins, 64 pins, 80 pins, 100 pins: Connected to EVCC or EVSS via a
P11 resistor (when the PIBCn_m or PMCn_m bits are 1)
P12 For 144 pins and 176 pins: Connected to BVCC or BVSS via a resistor (when
P18 the PIBCn_m or PMCn_m bits are 1)

Output: Open
APO Input:  Open (when the PIBCn_m bit is 0)

Connected to AOVREF or AOVSS via a resistor (when the PIBCn_m bit is 1)

Output: Open

AP1 Input: Open (when the PIBCn_m bit is 0)

Output:

Connected to A1IVREF or A1VSS via a resistor (when the PIBCn_m bit is 1)
Open

Nexus/LPD I/F (JPO)

DCUTDI/LPDI/LPDIO (JP0O_0): Connected to EVCC via a resistor
DCUTDO/LPDO (JP0O_1): Open

DCUTCK/LPDCLK (JPO_2): Open

DCUTMS (JPO_3): Connected to EVCC via a resistor
DCUTRST (JPO_4): Connected to EVSS via a resistor+?
DCURDY/LPDCLKOUT (JPO_5):Open

EVTO (JPO_6): Open*!

Note 1.
Note 2.
Note 3.

The EVTO pin is only available in devices with 2-MB code flash memory.
For details, see the specifications of the development tool.
Only in 144 and 176 pin devices.
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2.6 RH850/F1L Port Features

2.6.1 Port Group

The RH850/F1L provides the following port groups, indicated by the numbers in the table below.

Table 2.10 Port Groups in RH850/F1L

No. of Pins Port Group RH850/F1L
48 pins Number 6
Name PO, P8 to P10, JPO, APO
64 pins Number 6
Name PO, P8 to P10, JPO, APO
80 pins Number 7
Name PO, P8 to P11, JPO, APO
100 pins Number 7
Name PO, P8 to P11, JPO, APO
144 pins Number 13
Name PO, P1, P8 to P12, P18, P20, JPO, APO, AP1, IPO
176 pins Number 14
Name PO to P2, P8 to P12, P18, P20, JPO, APO, AP1, IPO

2.6.2 Port Group Index n

Throughout this section, the port groups are identified by using the index “n” (h=0to 2, 8 to 12, 18,
and 20). For example, the port mode control register of the Pn pin is PMCn.

2.6.3 Register Base Address

Port and JTAG port base addresses are listed in the following table.

Port and JTAG port register addresses are given as offsets from the base addresses.

Table 2.11 Register Base Addresses

Base Address Name Base Address
<PORTnN_base> FFC1 0000y
<JPORTO_base> FFC2 0000y

2.6.4 Clock Supply

The clock supply to ports is shown in the following table.

Table 2.12 Clock Supply

Unit Name Unit Clock Name Supply Clock Name
Port Register access clock CPUCLK2
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2.7 Port Functions

The microcontroller has various pins for input/output functions, known as ports. The ports are
organized in port groups.

The RH850/F1L also has several control registers to enable pins to be used as other than general
purpose input/output pins.

For a description of the terms pin, port, or port group, see Section 2.7.2, Terms.

2.7.1 Functional Overview
o All the port settings can be specified individually.
e The maximum number of bits (pins) in a port is 16.

e The output level of any pin can be set independently without affecting the other pins in the same
port.

o Input buffers are enabled through registers settings.
e Pin level is read by dedicated port-pin-read register (PPR)

e All possible port functions are shown in the tables listed below.
Section 2.9.2, Pin Function Configuration, Table 2.40, Table 2.42, Table 2.44, Table
2.46, Table 2.48, Table 2.50, Table 2.52, Table 2.54, Table 2.56, Table 2.58, Table 2.60,
Table 2.62, Table 2.64 and Table 2.66.

CAUTION

Some input or output functions may be assigned to more than one port. Only activate a
given function on a single pin. Do not activate a function on multiple pins at the same
time. This also applies in cases where multiple peripheral functions are assigned to a
single multiplexed function and only one of these functions is used.
[Example]
INTPO is assigned to the following pins on this device. However, the INTPO function
should not be activated on more than one pin. After activating the function on one pin,
do not activate it on another.

e JPO_O (1stinput alternative function)

e PO_1 (2nd, 3rd input alternative function)

e P10_0 (2nd input alternative function)
In the above case, when the 1st input alternative function (INTPO) of JPO_0 is selected,

using the 2nd input alternative function (CANORX/INTPO) of PO_1 only for the CAN
signal is also prohibited.
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2.7.2 Terms

The following terms are used in this section:

Pin
Denotes the physical pin. Every pin is denoted by a unique pin number.

A pin can be used in several modes. Each pin is assigned a name that reflects its function, which is
determined by the selected mode.

Port group

Denotes a group of pins. All the pins of a specific port group are controlled by the same port control
register.

Port mode and ports
A pin in port mode works as a general purpose input/output pin. It is then called “port”.

The corresponding name is Pn_m. For example, PO_7 denotes port 7 of port group 0. It is referenced as
“port PO_7".

Alternative mode

In alternative mode, a pin can be used for various non-general-purpose input/output functions, such as
the input/output pin of on-chip peripherals.

The corresponding pin name depends on the selected function. For example, pin INTPO denotes the pin
for one of the external interrupt inputs.

Note that two different names can refer to the same physical pin, for example PO_0 and INTPO. The
different names indicate the function of the pin at that time.

2.7.2.1 JTAG Ports

The JTAG port groups are used for connecting a debugger for on-chip debugging. These are special
port groups provided because the microcontroller cannot be used for the user's application while on-
chip debugging is being executed. When a debugger is not connected and the microcontroller is
operating normally, these port groups can be used in the same way as the other port groups.

JTAG port group registers and bit names are prefixed by a “J”. For example, JPO denotes JTAG port
group 0, and JPM0.JPMO_m denotes the JPMO_m port mode bit of the JPMO port mode register.

NOTE

In this section, the description about all ports and their registers other than PFCEn, PFCAEnN,
PIPCn, PDSCn, and PISn applies to the JTAG port unless otherwise specified.
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2.7.3 Overview of Pin Functions
Pins can operate in three modes.
e Port mode (PMCn.PMCn_m bit = 0)

A pin in port mode operates as a general purpose input/output pin. The I/O mode is selected by
setting the PMn.PMn_m bit.

o Software 1/O control alternative mode (PMCn.PMCn_m bit = 1, PIPCn.PIPCn_m bit = 0)

In this mode, the pins operate as alternative functions. The I/O mode is selected by setting the
PMn.PMn_m bit.

¢ Direct I/O control alternative mode (PMCn.PMCn_m bit = 1, PIPCn.PIPCn_m bit = 1)

In this mode, the pins operate as alternative functions. Unlike the software 1/O control alternative
mode, however, the I/O mode is directly controlled by the alternative function.

An overview of the register settings is given in the tables below.

Table 2.13 Pin Function Configuration (Overview)

Bit

Mode PMCn_m PMn_m PIPCn_m 110
Port mode 0 0 X O

1+ [
Software 1/O control 1 0 0 O
alternative mode 0 |
Direct I/O control alternative X 1 Controlled by the
mode alternative function

Note 1.  The input buffer must be enabled (PIBCn_m = 1).

o Software I/O control alternative mode (PIPCn.PIPCn_m = 0)

— Output (PMn_m = 0): Alternative output mode 1 to Alternative output mode 5
— Input (PMn_m = 1): Alternative input mode 1 to Alternative input mode 5

e Direct I/0O control alternative mode (PIPCn.PIPCn_m =1)

— The 1/O mode for Alternative output mode 1 to Alternative output mode 5 and Alternative
input mode 1 to Alternative input mode 5 is directly selected by the alternative function.
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Table 2.14  Alternative Mode Selection Overview (PMCn.PMCn_m Bit = 1)

Register
Mode PIPc* | PM*l | PFCAE | PFCE | PFC /0
Alternative output mode 1 (ALT-OUT1) 0 0 0 0 0 (0]
Alternative input mode 1 (ALT-IN1) 1 |
Alternative output mode 2 (ALT-OUT2) 0 0 0 1 (0]
Alternative input mode 2 (ALT-IN2) 1 |
Alternative output mode 3 (ALT-OUT3) 0 0 1 0 (0]
Alternative input mode 3 (ALT-IN3) 1 |
Alternative output mode 4 (ALT-OUT4) 0 0 1 1 o]
Alternative input mode 4 (ALT-IN4) 1 |
Alternative output mode 5 (ALT-OUT5) 0 1 0 0 O
Alternative input mode 5 (ALT-IN5) 1 |
Other than above Setting prohibited

Note 1. If PIPCn.PIPCn_m =1, the I/O direction is directly controlled by the peripheral (alternative) function and PM
is ignored.

If a pin is in alternative mode (PMCn.PMCn_m = 1), one of up to five alternative functions can be
selected for that pin by using the PFCn, PFCEn, and PFCAER registers.

RO1UH0390EJ0133 Rev.1.33 RENESAS Page 108 of 2415
Apr 20, 2016



RH850/F1L Section 2 Pin Function

2.7.4 Pin Data Input/Output
The registers used for data input/output are described below.

The location that is read via the PPRn register differs depending on the pin mode.

2.7.4.1 Output Data
In the port mode (PMCn.PMCn_m = 0), the value of the Pn.Pn_m bit is output from the Pn_m pin.
2.7.4.2 Input Data
When the PPRn register is read, either the value of the Pn_m pin, the value of the Pn.Pn_m bit, or the
value output by the alternative function is returned.
Which value is returned depends on the pin mode and setting of several control bits.
The different PPRn read modes are shown in the table below.
Table 2.15 PPRn_m Read Values
PMC PM PIBC |PIPC |PODC
n_m n_m n_m n_m n_m Mode PPRn_m Read Value
0 1 0 X X Port input, input buffer disabled Pn.Pn_m bit
1 X Port input, input buffer enabled Pn_m pin
0 X 0 Port push-pull output Pn.Pn_m bit+!
1 Port open-drain output
1 1 X 0 X Software I/O control alternative input Pn_m pin
0 0 Software I/O control alternative push- Output signal from the alternative
pull output function*!
1 Software 1/O control alternative open-
drain output
X 1 0 Direct I/O control alternative input or 1/0O port in alternative mode:
push-pull output e Input: Pn_m pin
1 Direct I/O control alternative input or ¢ Output: Output signal from the
open-drain output alternative function*!
Note 1.  When PBDCn_m = 1, the level of the Pn_m pin is returned by the PPRn_m bit.

The control registers in the above table have the following effects:

e PMCn.PMCn_m bit
This bit selects port mode (PMCn_m = 0) or alternative mode (PMCn_m =1).

e PMn.PMn_m bit
This bit selects input (PMn_m = 1) or output (PMn_m = 0) when the port mode (PMCn_m = 0)
and software 1/0O control alternative mode (PMCn_m =1, PIPCn_m = 0) have been selected.

e PIBCn.PIBCn_m bit
This bit disables (PIBCn_m = 0) or enables (PIBCn_m = 1) the input buffer in input port mode
(PMCn_m =0 and PMn_m = 1). If the input buffer is disabled, PPRn_m reads the Pn.Pn_m bit;
otherwise the Pn_m pin level is returned.

e PIPCn.PIPCn_m bit
This bit selects software 1/O control alternative mode or direct 1/O control alternative mode.
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e PODCn.PODCn_m bit
This bit selects push-pull output (PODCn_m = 0) or open-drain output (PODCn_m = 1).

e PBDCn.PBDCn_m bit
In output mode, when this bit is set to 1, the pin enters the bidirectional mode. In bidirectional
mode, the level of the signal on a Pn_m pin can be read from PPRn.PPRn_m.

CAUTION

When using Pn_m as an alternative output function (PMCn.PMCn_m =1, PMn.PMn_m =
0), the level of the Pn_m pin can be read at the PPRn.PPRn_m bit by enabling
bidirectional mode (PBDCn.PBDCn_m = 1).

Note, however, that in this case, the level of the Pn_m pin will be input to the alternative
input function that the Pn_m pin is being used as.

2.7.4.3 Writing to the Pn Register
The data to be output via port Pn_m in port mode (PMCn.PMCn_m = 0) is held in port register Pn.
Pn data can be overwritten in two ways:

e By writing data directly to the Pn register.
In this case, new data can be written directly to the Pn register.

e By performing an indirect bitwise operation (a “set”,
register.
An indirect bitwise operation (“set”, “
using the following two registers:

reset”, or “not” operation) on the Pn

reset”, or “not”) can be performed on the Pn register by

— Port set reset register PSRn
If the PSRN.PSRN (m + 16) bit = 1, the value of the Pn.Pn_m bit is determined by the value of
the PSRn.PSRn_m bit.
In other words, the Pn_m bit can be set or reset without writing directly to the Pn register.

— Port NOT register PNOTn
By setting PNOTn.PNOTn_m bit to 1, the Pn.Pn_m bit can be inverted without writing
directly to the Pn register.

An indirect bitwise operation on the Pn register (“set”, “reset”, or “not”) has no effect on the bits that
do not need to be updated, allowing you to overwrite only the bit or bits that need to be overwritten.
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2.8 Schematic View of Port Control

The following figure is a schematic view of the port control functions.
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Figure 2.7 Schematic View of Port Control
CAUTION
Use documented alternative functions only.
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2.9 Port Group Configuration Registers

This section starts with an overview of all configuration registers and then describes all registers in
detail. The configuration registers are grouped as follows:

e Section 2.9.2, Pin Function Configuration
e Section 2.9.3, Pin Data Input/Output

e Section 2.9.4, Configuration of Electrical Characteristics

29.1 Overview

The following registers are used for setting the individual pins of the port groups.

For details on <PORTn_base> and <JPORTO_base>, see Section 2.6.3, Register Base Address.

Table 2.16 Port Group Configuration Registers (1/2)

Register Name Symbol Address

Pin function configuration

Port mode control register PMCn <PORTnN_base> + 0400y + n x 4
JPMCO <JPORTO_base> + 0040y

Port mode control set/reset register PMCSRn <PORTnN_base> + 0900y + n x 4
JPMCSRO <JPORTO_base> + 0090y

Port IP control register PIPCn <PORTnN_base> + 4200 + n x 4

Port mode register PMn <PORTnN_base> + 0300 + n x 4
APMn <PORTnN_base> + 03C8 +nx 4
JPMO <JPORTO_base> + 0030y

Port mode set/reset register PMSRn <PORTnN_base> + 0800y + n x 4
APMSRn <PORTn_base> + 08C8, + nx 4
JPMSRO <JPORTO_base> + 0080y

Port input buffer control register PIBCn <PORTnN_base> + 4000 + n x 4
APIBCn <PORTnN_base> + 40C8 + n x 4
JPIBCO <JPORTO_base> + 0400y
IPIBCO <PORTnN_base> + 40F0y

Port function control register PFCn <PORTnN_base> + 0500 + n x 4
JPFCO <JPORTO_base> + 0050y

Port function control expansion register PFCEnN <PORTnN_base> + 0600 + n x 4

Port function control additional expansion register PFCAEnN <PORTnN_base> + 0AQ0Oy + n x 4

Pin data input/output

Port bidirection control register PBDCn <PORTnN_base> + 4100y + n x 4
APBDCn <PORTn_base> + 41C8,, +nx 4
JPBDCO <JPORTO_base> + 0410y

Port pin read register PPRnN <PORTnN_base> + 0200 + n x 4
APPRnN <PORTnN_base> + 02C8 + n x 4
JPPRO <JPORTO_base> + 0020y
IPPRO <PORTnN_base> + 02F0y

Port register Pn <PORTnN_base> + 0000y + n x 4
APnN <PORTnN_base> + 00C8, + n x 4
JPO <JPORTO_base> + 0000y
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Table 2.16 Port Group Configuration Registers (2/2)

Register Name Symbol Address

Port NOT register PNOTn <PORTnN_base> + 0700 + n x 4
APNOTnN <PORTnN_base> + 07C8 + n x 4
JPNOTO <JPORTO_base> + 0070y

Port set/reset register PSRn <PORTnN_base> + 0100 + n x 4
APSRn <PORTnN_base> + 01C8 + n x 4
JPSRO <JPORTO_base> + 0010y

Configuration of electrical characteristics

Pull-up option register PUn <PORTnN_base> + 4300 + n x 4
JPUO <JPORTO_base> + 0430y

Pull-down option register PDn <PORTnN_base> + 4400 + n x 4
JPDO <JPORTO_base> + 0440y

Port drive strength control register PDSCn <PORTnN_base> + 4600y + n x 4

Port open drain control register PODCn <PORTnN_base> + 4500 + n x 4
JPODCO <JPORTO_base> + 0450y

Port input buffer selection register PISn <PORTnN_base> + 4700 + n x 4

Port input buffer selection advanced register JPISAO <JPORTO_base> + 04A0y

Port protection

Port protection command register PPCMDn <PORTnN_base> + 4C00y + n x 4
JPPCMDO <JPORTO_base> + 04C0y

Port protection status register PPROTSN <PORTnN_base> + 4B00y + n x 4
JPPROTSO <JPORTO_base> + 04B0y

Index n

In Table 2.16, Port Group Configuration Registers, the index “n” in register symbols denotes
the actual indices of the individual port groups. For example, PMCn generically indicates a port mode
control register for port group n (Pn). The values for n differ according to the number of pins on the

device in the way shown in Table 2.17.

Table 2.17
Register Symbols

Number of Pins on the Device, Name of Port Groups, and Values for “n” in

Number of Pins on the Device Port Groups

Values for “n”

48 pins PO, P8, P9, P10 0,8,9, 10
APO 0

64 pins PO, P8, P9, P10 0,8,9, 10
APO 0

80 pins PO, P8, P9, P10, P11 0,8,9, 10,11
APO 0

100 pins PO, P8, P9, P10, P11 0,8,9, 10,11
APO 0

144 pins PO, P1, P8, P9, P10, P11, P12, P18, P20 0,1,8,9, 10,11, 12, 18, 20
APO, AP1 0,1

176 pins PO, P1, P2, P8, P9, P10, P11, P12, P18, P20 0,1,2,8,9,10,11, 12, 18, 20
APO, AP1 0,1
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JTAG port registers
JTAG port registers are not explicitly described in the following register descriptions.

All descriptions (except for those of the PFCEn register, PFCAER register, PIPCn register, PDSCn
register, and PISn register) apply to JTAG port registers. Note, however, that the JTAG port register
base address differs from that of regular ports.

Value after reset

The values after reset depend on the ports. For the values after reset, see the register descriptions in the
following pages.
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2.9.2 Pin Function Configuration

29.21 PMCn/JPMCO — Port Mode Control Register

This register specifies whether the individual pins of port group n are in port mode or in alternative
mode.

Access:  PMCn: This register can be read or written in 16-bit units.
JPMCQO: This register can be read or written in 8-bit units.

Address:  PMCn: <PORTn_base> + 0400y +nx 4 (n=0,1, 2, 8,9, 10, 11, 12, 18, 20)
JPMCO: <JPORTO_base> + 0040,

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), and Table 2.61, Control Registers (P20).

Table 2.18 PMCn Register Contents

Bit Position Bit Name Function
15t00 PMCn_[15:0] Specifies the operation mode of the corresponding pin.
0: Port mode

1: Alternative mode

CAUTIONS

1. 1/Ois not controlled by only setting alternative mode (PMCn.PMCn_m bit = 1). If the alternative
function requires direct I/O control, also set the PIPCn.PIPCn_m bit to 1.

2. Ifaportisto be used as an input pin in alternative mode, the signals from some pins will pass
through a noise filter. These pins may require the setting of the FCLAOCTLmM_<name>,
DNFA<name>CTL and the DNFA<name>EN register. For details, see Section 2.12, Noise Filter
& Edge/Level Detector, and Section 2.13, Description of Port Noise Filter & Edge/Level
Detection.

NOTE
The control bits of the JTAG port mode control register (JPMCO0) are JPMCO_[7:0].
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29.22 PMCSRn/JPMCSRO — Port Mode Control Set/Reset Register
This register provides an alternative method to write data to the PMCn register.

The upper 16 bits of PMCSRn act as a mask which specifies whether or not the value of
PMCn.PMCn_m is set by the corresponding bit in the lower 16 bits of PMCSRn.

Access:  PMCSRn: This register can be read or written in 32-bit units. Bits 31 to 16 are always read as 0000. Reading

bits 15 to 0 returns the value of register PMCn.
JPMCSRO: This register can be read or written in 32-bit units. Bits 31 to 8 are always read as 000000y.

Reading bits 7 to 0 returns the value of register JPMCO.
Address:  PMCSRn: <PORTn_base> + 09004 +nx 4 (n=0, 1, 2, 8,9, 10, 11, 12, 18, 20)
JPMCSRO: <JPORTO_base> + 0090,

Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
SRn_31|SRn_30|SRn_29|SRn_28|SRn_27|SRn_26|SRn_25|SRn_24|SRn_23|SRn_22|SRn_21|SRn_20|SRn_19|SRn_18|SRn_17|SRn_16

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
SRn_15|SRn_14|SRn_13|SRn_12|SRn_11|SRn_10| SRn_9 | SRn_8 | SRn_7 | SRn_6 | SRn_5 | SRn_4 | SRn_3 | SRn_2 | SRn_1 | SRn_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), and Table 2.61, Control Registers (P20).

Table 2.19 PMCSRn Register Contents

Bit Position Bit Name Function
31to 16 PMCSRn_ Enable bits that specify whether the value of the corresponding lower bit
[31:16] PMCSRn_m (PMCSRn_[15:0]) is written to PMCn_m.

0: PMCn_m is not affected by PMCSRn_m.

1: PMCn_m is PMCSRn_m.
Example:
If PMCSRN.PMCSRn_31 = 1, the value of bit PMCSRn.PMCSRn_15 is written
to bit PMCn.PMCn_15.

15t00 PMCSRn_ Data bits that specify the value of PMCn_m if PMCSRn_m of the corresponding
[15:0] upper bit (PMCSRn_[31:16]) is 1.
0: PMCn_m s 0.

1: PMCn_mis 1.

NOTE
The control bits of the JTAG port mode control set/reset register (JPMCSRO0) are JPMCSRO0_[31:0].
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2.9.2.3 PIPCn — Port IP Control Register

This register specifies whether the 1/0 direction of the Pn_m pin is controlled by the port mode register
PMn.PMn_m or by an alternative function.

If the Pn_m pin is operated in alternative mode (PMCn.PMCn_m = 1) and the alternative function
requires direct control of the 1/O direction, then PIPCn.PIPCn_m must be set to 1 as well. This
transfers 1/0 control to the alternative function and overrules the PMn.PMn_m setting.

Regarding the alternative functions for which the PIPC register must be set, see Section 2.11, Port
(Special I/O) Function Overview

Access:  This register can be read or written in 16-bit units.
Address:  p|pCn: <PORTn_base> + 4200, + n x 4 (n =0, 10, 11)**
Value after reset: 0000y
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.43, Control
Registers (P0), Table 2.53, Control Registers (P10), and Table 2.55, Control Registers (P11).
Table 2.20 PIPCn Register Contents
Bit Position Bit Name Function
15t00 PIPCn_[15:0] Specifies the 1/0 mode.

0: I/O mode is selected by PMn.PMn_m (software 1/O control).
1: I/0O mode is selected by the peripheral function (direct 1/O control).
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29.24 PMn/APMn /JPMO — Port Mode Register

This register specifies whether the individual pins of the port group n are in input mode or in output
mode.

Access:  PMn, APMn: These registers can be read or written in 16-bit units.
JPMO: This register can be read or written in 8-bit units.

Address:  PMn: <PORTn_base> + 03004 +nx4(n=0,1,2,8,9,10, 11, 12, 18, 20)
APMn: <PORTn_base>+ 03C8,+nx4 (n=0, 1)

JPMO: <JPORTO_base> + OOSOH*1

Value after reset: FFFFH*Z

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value afterreset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1+3

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I1/0) Function Overview: Table 2.41, Control
Registers (JPO0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47, Control
Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table 2.53, Control
Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers (P12), Table 2.59,
Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control Registers (APO0), and
Table 2.65, Control Registers (AP1).

Note 2.  The PMO register is FFFE.

Note 3.  The PMO_O bit is 0.

Table 2.21 PMn Register Contents

Bit Position Bit Name Function

15t00 PMn_[15:0] Specifies input/output mode of the corresponding pin.
0: Output mode (output enabled)
1: Input mode (output disabled)

NOTES

1. Touse a portin input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), the input buffer must
be enabled (PIBCn.PIBCn_m = 1).

2. By default, PMn.PMn_m specifies the I/O direction in port mode (PMCn.PMCn_m = 0) and
alternative mode (PMCn.PMCn_m=1), since PIPCn.PIPCn_m = 0 (I/O mode is controlled by
PMn.PMn_m) after reset.

3. The control bits of the analog port register (APMn) are APMn_[15:0].
The control bits of the JTAG port mode register (JPMO) are JPMO_[7:0].
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29.25 PMSRn/APMSRn /JPMSRO — Port Mode Set/Reset Register
This register provides an alternative method to write data to the PMn register.
The upper 16 bits of PMSRn act as a mask which specifies whether or not the value PMn.PMn_m is set
by the corresponding bit in the lower 16 bits of PMSRn.
Access: PMSRn, APMSRn, JPMSRO: These registers can be read or written in 32-bit units. Bits 31 to 16 are always
read as 0000y
Reading bits 15 to O returns the value of registers PMn, APMn and JPMO.
Address:  PMSRn: <PORTn_base> + 08004 +nx4(n=0,1,2,8,9, 10, 11, 12, 18, 20)
APMSRn: <PORTn_base> + 08C8,+n x4 (n=0, 1)
JPMSRO: <JPORTO_base> + 0080;*
Value after reset:  gpo0 FFFF,*2
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR
n31 | n30|n29|n28|n27|n26|n25|n24|[n23|n2|n2|n20|n19|n18 | n_17 | n_16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 | n_9 n_s n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_o0
Value after reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 13
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47, Control
Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table 2.53, Control
Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers (P12), Table 2.59,
Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control Registers (APO0), and
Table 2.65, Control Registers (AP1).
Note 2.  The PMSRO register is 0000 FFFE.
Note 3. The PMSRO_O bitis 0.
Table 2.22 PMSRn Register Contents
Bit Position Bit Name Function
31to 16 PMSRn_[31:16] Enable bits that specify whether the value of the corresponding lower bit
PMSRn_m (PMSRn_[15:0]) is written to PMn_m.
0: PMn_m is not affected by PMSRn_m.
1: PMn_m is PMSRn_m.
Example:
If PMSRNn.PMSRn_31 = 1, the value of bit PMSRn.PMSRn_15 is written to bit
PMn.PMn_15.
15t0 0 PMSRn_[15:0] Data bits that specify the value of PMn_m if PMSRn_m of the corresponding
upper bit (PMSRn_[31:16]) is 1.
0: PMn_m is 0.
1: PMn_mis 1.
NOTES

1. The control bits of the JTAG port mode set/reset register (JPMSRO0) are JPMSRO_[31:0].
2. The control bits of the analog port mode set/reset register (APMSRn) are APMSRn_[31:0].
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29.2.6

PIBCn / APIBCn / JPIBCO / IPIBCO — Port Input Buffer Control Register

In input port mode (PMCn.PMCn_m =0 and PMn.PMn_m = 1), this register enables the port pin’s

input buffer.

Access:

Address:

PIBCn, APIBCn, IPIBCO: These registers can be read or written in 16-bit units.
JPIBCO: This register can be read or written in 8-bit units.

PIBCn: <PORTN_base> + 4000, +nx4(n=0,1, 2, 8,9, 10, 11, 12, 18, 20)
APIBCn: <PORTn_base> + 40C8+ n x4 (n =0, 1)

JPIBCO: <JPORTO_base> + 0400y

IPIBCO: <PORTn_base> + 40F0,*!

Value after reset: 0000y
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 | n_9 n_s n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_o0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control
Registers (APO0), Table 2.65, Control Registers (AP1), and Table 2.67, Control Registers (IP0).
Table 2.23 PIBCn Register Contents
Bit Position Bit Name Function
15t00 PIBCn_[15:0] Enables/disables the input buffer.
0: Input buffer disabled
1: Input buffer enabled
NOTES

1. When the input buffer is disabled, through current does not flow even when the pin level is Hi-Z.
Thus the pin does not need to be fixed to a high or low level externally.

2. The control bits of the JTAG port input buffer control register (JPIBCO) are JPIBCO_[7:0].

CAUTION

Settings in this register are overruled in bidirectional mode (PBDCn.PBDCn_m = 1).
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2.9.2.7 PFCn/JPFCO — Port Function Control Register
This register, together with register PFCEn and PFCAER, specifies an alternative function of the pins.

Some alternative functions directly control the 1/0 of the Pn_m pin. For such alternative functions,
PIPCn.PIPCn_m must be set to 1 and the I/O is selected by the peripheral function.

For other alternative functions, input/output must be specified by PMn.PMn_m.

Access:  PFCn: This register can be read or written in 16-bit units.
JPFCO: This register can be read or written in 8-bit units.

Address:  PFCn: <PORTn_base> + 05004 +nx4(n=0, 1, 8,9, 10, 11, 12, 18, 20)
JPFCO: <JPORTO_base> + 0050,

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PFC | PFC PFC PFC PFC | PFC | PFC PFC PFC PFC | PFC | PFC PFC PFC PFC | PFC
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.49,
Control Registers (P8), Table 2.51, Control Registers (P9), Table 2.53, Control Registers (P10), Table
2.55, Control Registers (P11), Table 2.57, Control Registers (P12), Table 2.59, Control Registers
(P18), and Table 2.61, Control Registers (P20).

Table 2.24 PFCn Register Contents

Bit Position Bit Name Function

15t00 PFCn_[15:0] Specifies the alternative function of the pin.
For details, see Table 2.27, Setting Alternative Functions.

NOTE
The control bits of the JTAG port function control register (JPFCO) are JPFCO_[7:0].
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2.9.2.8 PFCEn — Port Function Control Expansion Register
This register, together with register PFCn and PFCAER, specifies an alternative function of the pins.

Some alternative functions directly control the 1/0 of the Pn_m pin. For such alternative functions,
PIPCn.PIPCn_m must be set to 1 and the /O is specified by the peripheral function.

For other alternative functions, input/output must be specified by PMn.PMn_m.

Access:  This register can be read or written in 16-bit units.
Address:  pFCEn: <PORTn_base> + 0600y +n x 4 (n =0, 8, 9, 10, 11, 12)*!

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFCE | PFCE | PFCE | PFCE | PFCE | PFCE |PFCEN|PFCEn|PFCEnN|PFCEnN|PFCEnN |PFCEnN|PFCEn|PFCEn|PFCENn|PFCENn
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 9 _8 7 _6 5 _4 _3 2 1 _0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.43, Control
Registers (P0), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table 2.53,
Control Registers (P10), Table 2.55, Control Registers (P11), and Table 2.57, Control Registers (P12).

Table 2.25 PFCEN Register Contents

Bit Position Bit Name Function

15t00 PFCEnN_[15:0] Specifies the alternative function of the pin.
For details, see Table 2.27, Setting Alternative Functions.
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2.9.29 PFCAEn — Port Function Control Additional Expansion Register
This register selects the alternative peripheral functions together with PFCEn, PFCn registers.

Some alternative functions directly control the 1/0 of the Pn_m pin. For such alternative functions,
PIPCn.PIPCn_m must be set to 1 and the /O is specified by the peripheral function.

For other alternative functions, input/output must be specified by PMn.PMn_m.

Access:  This register can be read or written in 16-bit units.
Address:  pFCAEN: <PORTn_base> + 0AOOy + n x 4 (n = 0, 10, 11)*

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PFCAE |PFCAE |PFCAE |PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PEFCAE | PFCAE | PFCAE | PFCAE
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.43, Control
Registers (P0), Table 2.53, Control Registers (P10), and Table 2.55, Control Registers (P11).

Table 2.26 PFCAEN Register Contents

Bit Position Bit Name Function

15t00 PFCAEN_[15:0] Specifies the alternative function of the pin.
For details, see Table 2.27, Setting Alternative Functions.

Table 2.27 Setting Alternative Functions

PFCAEN_m PFCENn_m PFCn_m PMn_m Function
0 0 0 1 Alternative input mode 1
0 Alternative output mode 1
1 1 Alternative input mode 2
0 Alternative output mode 2
1 0 1 Alternative input mode 3
0 Alternative output mode 3
1 1 Alternative input mode 4
0 Alternative output mode 4
1 0 0 1 Alternative input mode 5
0 Alternative output mode 5
1 X Setting prohibited
1 X X Setting prohibited
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CAUTION

o After selecting the alternative function by the PFCn_m, PFCEn_m, or PFCAENn_m bit, set the
PMCn_m bit to “1”.

e With this product, the I/O of some functions is assigned in two or more pins, but a specific pin
function can only be set to one pin at a time. Setting the same pin function to two or more pins at
the same time is prohibited.

For example, if the a/b/c pin is used as b, the b/d/e pin cannot be used as b. In this case, the b/d/e
pin must be configured as a pin function other than b.

NOTE

For more details on the assignment of each function, see Sections 2.10.1 to 2.10.14.
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2.9.3 Pin Data Input/Output

29.3.1 PBDCn/APBDCn/JPBDCO — Port Bidirection Control Register

This register enables the input buffer in output mode and sets the port to bidirectional mode. In
bidirectional mode, the level of the signal on a Pn_m pin can be read from PPRn.PPRn_m.

Access: PBDCn, APBDCn: These registers can be read or written in 16-bit units.
JPBDCO: This register can be read or written in 8-bit units.

Address: PBDCn: <PORTn_base> + 41004 +n%x4(n=0,1,2,8,9, 10, 11, 12, 18, 20)
APBDCn: <PORTn_base> + 41C8, +n x4 (n=0, 1)

JPBDCO: <JPORTO_base> + 0410;*

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control
Registers (AP0), and Table 2.65, Control Registers (AP1).

Table 2.28 PBDCn Register Contents

Bit Position Bit Name Function

15t00 PBDCn[15:0] Enables/disables bidirectional mode of the corresponding pin.
0: Bidirectional mode disabled
1: Bidirectional mode enabled

CAUTION

When the Pn_m port is used for the alternative output function (PMCn.PMCn_m = 1, PMn.PMn_m = 0),
the level of the Pn_m pin can be read from PPRn.PPRn_m by enabling the bidirectional mode
(PBDCn.PBDCn_m =1).

However, output of that alternative output function is input to the alternative input function of the same
pin (the alternative input function set by PFCn.PFCn_m, PFCEn.PFCEn_m, and PFCAEn.PFCAEN_m).
If the alternative input function in question is being used by another pin, the alternative input function is
not guaranteed.

NOTE
The control bits of the JTAG port bidirection control register (JPBDCO) are JPBDCO_[7:0].
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29.3.2 PPRn/APPRn/JPPRO/IPPRO — Port Pin Read Register

This register reflects the actual level of the Pn_m pin, whether it is the value of the Pn.Pn_m bit or the
level of an alternative output function.

Access: PPRn, APPRn, IPPRO: These registers are read-only registers that can be read in 16-bit units.
JPPRO: This register is a read-only register that can be read in 8-bit units.
Address:  PPRn: <PORTn_base> + 0200 +nx4(n=0, 1, 2, 8,9, 10, 11, 12, 18, 20)

APPRn: <PORTn_base> + 02C8, +n x4 (n=0, 1)
JPPRO: <JPORTO_base> + 0020y
IPPRO: <PORTN_base> + 02F0,*!

Value after reset: 0000y
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 | n_9 n_s n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_o0
Value after reset 0
RW R R R R R R R R R R R R R R R R
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control
Registers (APO0), Table 2.65, Control Registers (AP1), and Table 2.67, Control Registers (IP0).
Table 2.29 PPRn Register Contents
Bit Position Bit Name Function
15t00 PPRn_[15:0] The Pn_m pin, Pn.Pn_m value or alternative function output.
NOTES

1. For the read values of the PPRn register, see Section 2.7.4, Pin Data Input/Output.
2. The control bits of the JTAG port pin read register (JPPRO) are JPPRO_[7:0].

RO1UH0390EJ0133 Rev.1.33
Apr 20, 2016

RENESAS Page 126 of 2415



RH850/F1L Section 2 Pin Function

29.3.3 Pn/APn/JP0O— Port Register

This register holds the Pn.Pn_m data to be output via the related Pn_m port in output port mode
(PMCn.PMCn_m =0 and PMn.PMn_m = 0).

Access:  Pn, APn: These registers can be read or written in 16-bit units.
JPO: This register can be read or written in 8-bit units.

Address:  Pn: <PORTn_base> + 00004 +nx4(n=0,1,2,8,9,10, 11, 12, 18, 20)
APn: <PORTN_base> + 00C8,+nx 4 (n=0, 1)
JP0: <JPORTO_base> + 0000;**

Value after reset: 00004

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Pn_15 | Pn_14 | Pn_13 | Pn_12 | Pn_11 | Pn_10 | Pn_9 | Pn_8 | Pn_7 | Pn_6 | Pn_.5 | Pn_4 | Pn_3 | Pn_2 | Pn_1 | Pn_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control
Registers (APO0), and Table 2.65, Control Registers (AP1).

Table 2.30 Pn Register Contents

Bit Position Bit Name Function

15t00 Pn_[15:0] Sets the output level of the Pn_m pin (m = 0 to 15).
0: Outputs low level
1: Outputs high level

NOTE
The control bits of the JTAG port register (JP0) are JPO_[7:0].
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2.9.3.4 PNOTn/APNOTn /JPNOTO — Port NOT Register

This register allows the Pn_m bit of the port register Pn to be inverted without directly writing to Pn.

Access:  PNOTn, APNOTn: These registers are write-only registers that can be written in 16-bit units. When read,
0000y is returned.

JPNOTO: This register is a write-only register that can be written in 8-bit units. When read, 00 is returned.

Address:  PNOTn: <PORTn_base>+ 07004 +n x4 (n=0, 1, 2,8, 9, 10, 11, 12, 18, 20)
APNOTN: <PORTn_base> + 07C8, +nx4 (n=0, 1)
JPNOTO: <JPORTO_base> + 0070,,**

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT
ni5 | n14 | n13 | ni12 | n1l |n10| n9 | n8 | n7 | n6 | n5 | n4 | n3|n2|ni|no

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW W w w w w w w w w w w w w w w w

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control
Registers (APO0), and Table 2.65, Control Registers (AP1).

Table 2.31 PNOTn Register Contents

Bit Position Bit Name Function

15t00 PNOTN_[15:0] Specifies if Pn.Pn_m is inverted.
0: Pn.Pn_m is not inverted (Pn_m — Pn_m)
1: Pn.Pn_m is inverted (Pn_m — Pn_m)

NOTE
The control bits of the JTAG port NOT register are JPNOTO_[7:0].
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2.9.3.5

PSRn / APSRn / JPSRO — Port Set/Reset Register

This register provides an alternative method to write data to the Pn register.

The upper 16 bits of PSRn act as a mask which specifies whether or not the value Pn.Pn_m is set by the
corresponding bit in the lower 16 bits of PSRn.

Access:

Address:

Reading bits 15 to 0 returns the value of registers Pn and APn.
JPSRO: This register can be read or written in 32-bit units. Bits 31 to 8 are always read as 000000,. Reading
bits 7 to O returns the value of register JPO.

APSRn: <PORTn_base> + 01C8,+nx4(n=0, 1)
JPSRO: <JPORTO_base> + 0010,*

PSRn: <PORTn_base> + 01004 +nx4(n=0,1,2,8,9, 10, 11, 12, 18, 20)

PSRn, APSRn: These registers can be read or written in 32-bit units. Bits 31 to 16 are always read as 0000,.

Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n31 | n30|n29 [n28 |n27|n26|n25|n24|n23|n2|n2l|n20|n19 |n18 | n_17 | n_16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), Table 2.61, Control Registers (P20), Table 2.63, Control
Registers (APO0), and Table 2.65, Control Registers (AP1).
Table 2.32 PSRn Register Contents
Bit Position Bit Name Function
31to 16 PSRn_[31:16] Specifies whether the value of the corresponding lower bit PSRn_m
(PSRn_[15:0]) is written to Pn_m.
0: Pn_m is not affected by PSRn_m.
1: Pn_mis PSRn_m
Example:
If PSRn.PSRn_31 = 1, the value of bit PSRn.PSRn_15 is written to bit
Pn.Pn_15.
15t00 PSRn_[15:0] Specifies the Pn_m value if the corresponding upper bit (PSRn_[31:16])
PSRn_miis 1.
0:Pn_m=0
1.Pn_m=1
NOTE

The control bits of the JTAG port set/reset register (JPSR0) are JPSRO_[31:0].
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2.9.4 Configuration of Electrical Characteristics

2.9.4.1 PUn/JPUO — Pull-Up Option Register
This register specifies whether an internal pull-up resistor is connected to an input pin.

Access:  PUn: This register can be read or written in 16-bit units.
JPUO: This register can be read or written in 8-bit units.

Address:  PUn: <PORTn_base> + 43004 +nx4(n=0,1,2,8,9, 10, 11,12, 18, 20)
JPUO: <JPORTO_base> + 0430H"l

Value after reset: 0000y

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

PUn_15(PUn_14[PUn_13[PUn_12|PUn_11|PUn_10| PUn_9 | PUn_8 | PUn_7 | PUn_6 | PUn_5 | PUn_4 | PUn_3 | PUn_2 | PUn_1 | PUNn_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47,
Control Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table
2.53, Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers
(P12), Table 2.59, Control Registers (P18), and Table 2.61, Control Registers (P20).

Table 2.33 PUn Register Contents

Bit Position Bit Name Function
15t00 PUN_[15:0] Specifies whether an internal pull-up resistor is connected to the corresponding
pin.

0: No internal pull-up resistor connected
1: An internal pull-up resistor connected

NOTES
1. |If apinis configured such that both an internal pull-up resistor (PUn.PUn_m = 1) and pull-down
resistor (PDn.PDn_m = 1) are connected, the pull-down resistor is automatically selected and the
pull-up resistor is not connected.
. The pull-up resistor has no effect when the pin is operated in output mode.
3. The control bits of the JTAG pull-up option register (JPUO) are JPUQO_[7:0].
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RH850/F1L
29.42 PDn/JPDO — Pull-Down Option Register
This register specifies whether to connect an internal pull-down resistor to an input pin.
Access:  PDn: This register can be read or written in 16-bit units.
JPDO: This register can be read or written in 8-bit units.
Address:  PDn: <PORTn_base> + 4400, +nx4(n=0, 8,9, 10, 11)
JPDO: <JPORTO_base> + 0440,*
Value after reset: 0000y
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PDn_15PDn_14|PDn_13|PDn_12|PDn_11|PDn_10| PDn_9 | PDn_8 | PDn_7 | PDn_6 | PDn_5 | PDn_4 | PDn_3 |PDn_2 |PDn_1 | PDn_0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.49, Control Registers (P8), Table 2.51,
Control Registers (P9), Table 2.53, Control Registers (P10), and Table 2.55, Control Registers (P11).
Table 2.34 PDn Register Contents
Bit Position Bit Name Function
15t00 PDn_[15:0] Specifies whether to connect an internal pull-down resistor to the corresponding
pin:
0: No internal pull-down resistor connected
1: An internal pull-down resistor connected
NOTES
1. |If apinis configured such that both an internal pull-up resistor (PUn.PUn_m = 1) and pull-down
resistor (PDn.PDn_m = 1) are connected, the pull-down resistor is automatically selected and the
pull-up resistor is not connected.
2. Theinternal pull-down resistor has no effect when the pin is operated in output mode.
3. The control bits of the JTAG pull-down option register (JPDO) are JPDO_[7:0].
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29.43 PDSCn — Port Drive Strength Control Register

This register specifies the output driver strength of the port pin. This function selects the fast mode
(high drive strength) or slow mode (low drive strength) of the output buffer. The correct write sequence
using the PPCMDn register is required in order to update this register. For details, see Section 4,
Write-Protected Registers. Regarding the alternative functions for which the PDSC register needs
to be set, see Section 2.11.3.3, Output Buffer Control (PDSC).

Access:  This register can be read or written in 32-bit units.
Address:  ppsCn: <PORTN_base> + 4600y + n x 4 (n = 0, 10, 11, 12)*

Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value after reset 0
R/W R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC
ni5 | n14 | n13 | ni12 | n1l |n10| n9 | n8 | n7 | n6 | n5 | n4 | n3|n2|ni|no

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.43, Control
Registers (P0), Table 2.53, Control Registers (P10), Table 2.55, Control Registers (P11), and Table
2.57, Control Registers (P12).

Table 2.35 PDSCn Register Contents

Bit Position Bit Name Function

31to 16 Reserved When read, the value after reset is returned.
When writing, write the value after reset.

15t00 PDSCn_[15:0] Specifies the port drive strength of the output buffer of the port pin.
0: Lower drive strength (when the frequency output from the pin is 10 MHz or
below)
1: High drive strength (when the frequency output from the pin is 40 MHz or
less).
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29.4.4 PODCn /JPODCO — Port Open Drain Control Register

This register selects push-pull or open-drain as output buffer function. The correct write sequence
using the PPCMDn and JPPCMDO registers is required in order to update this register. For details, see
Section 4, Write-Protected Registers.

Access: PODCn, JPODCO: These registers can be read or written in 32-bit units.
Address:  PODCn: <PORTn_base> + 4500 +n x4 (n=0, 1, 2,8, 9, 10, 11, 12, 18, 20)
JPODCO: <JPORTO_base> + 0450;*

Value after reset: 900 0000,*?

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value after reset 0
R/W R R R R R R R R R R R R R R R R

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC
ni5 | ni14 | n13 | ni12 | n1l |n10| n9 | n8 | n7 | n6 | n5 | n4 | n3 | n2|ni|no

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0*3
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.41, Control
Registers (JP0), Table 2.43, Control Registers (P0), Table 2.45, Control Registers (P1), Table 2.47, Control
Registers (P2), Table 2.49, Control Registers (P8), Table 2.51, Control Registers (P9), Table 2.53, Control
Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers (P12), Table 2.59,
Control Registers (P18), and Table 2.61, Control Registers (P20).
Note 2.  The PODCO register is 0000 0001
Note 3. The PODCO_0 bitis 1.

Table 2.36 PODCn Register Contents

Bit Position Bit Name Function

31to 16 Reserved When read, the value after reset is returned.
When writing, write the value after reset.

15t00 PODCn_[15:0] Specifies the output buffer function.
0: Push-pull
1: Open-drain
NOTE

The control bits of the JTAG port open drain control register (JPODCO) are JPODCO_[15:0].

RO1UH0390EJ0133 Rev.1.33 RENESAS Page 133 of 2415
Apr 20, 2016



RH850/F1L

Section 2 Pin Function

29.45 PISn — Port Input Buffer Selection Register

Bit 15

This register specifies the input buffer characteristics.

Access:  This register can be read or written in 16-bit units.

Address:  pisn: <PORTN_base> + 47004 +n x 4 (n =0, 1, 2, 10, 11, 12, 20)

Value after reset:  FFFFy

14 13 12 11 10 9 8

PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6

PIS PIS PIS PIS
n_5 n_4 n_3 n_2 n_1 n_0

Value after reset

R/W R/W RIW R/IW RIW RIW R/IW RIW RIW R/W RIW RIW R/W

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W R/IW R/IW RIW

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/O) Function Overview: Table 2.43, Control
Registers (P0), Table 2.45, Control Registers (P1), Table 2.47, Control Registers (P2), Table 2.53,
Control Registers (P10), Table 2.55, Control Registers (P11), Table 2.57, Control Registers (P12), and

Table 2.61, Control Registers (P20).

Table 2.37 PISn Register Contents

Bit Position Bit Name Function

15t00 PISn_[15:0] Specifies the input buffer characteristics:
0: Type 1 (SHMT1)
1: Type 2 (SHMT4)

NOTE

Details of the definition of type 1 and type 2 are given in Section 2.11.3.2, Input Buffer Control (PISn,
JPISAOQ). Also see the data sheet for input buffer characteristics.
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29.4.6 JPISAO — Port Input Buffer Selection Advanced Register

This register specifies the input buffer characteristics.

Access:  This register can be read or written in 8-bit units.
Address:  JpISAD: <JPORTO_base> + 04A0,"

Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
— — — — JPISAO_3 JPISA0_2 — JPISA0_O
Value after reset 0 0 0 0 0 0 0
R/W R R R R R/W R/W R R/W

Note 1.  The effective bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview : Table 2.41, Control

Registers (JPO0).

Table 2.38 JPISAOQ Register Contents

Bit Position Bit Name Function

7t04,1 Reserved When read, the value after reset is returne
When writing, write the value after reset.

d.

3,2,0 JPISAO_[3, 2,0] Specifies the input buffer characteristics:
0: Type 2 (SHMT4)
1: Type 5 (TTL)

NOTE

Details of the definition of type 2 and type 5 are given in Section 2.11.3.2, Input Buffer Control (PISn,

JPISAOQ). Also see the data sheet for input buffer characteristics.

2.9.5 Port Register Protection

RHB850/F1L has Port Protection Command Registers (PPCMDn) and Port Protection Status Registers
(PPROTSN) which implement the Port Protection Cluster Function. For details on the registers, see

Section 4, Write-Protected Registers.
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2.9.6

296.1

Flowchart Example for Port Settings

Examples of the port settings are shown in the flowchart below.

CAUTION

If the port is set to the PIPCn.PIPCn_m bit = 0 and alternative output mode, the port
might briefly enter alternative input mode. This will occur between when the
PMCn.PMCn_m bit is set to 1 and when the PMn.PMn_m bit is set to 0. If an interrupt-
related signal is specified as an alternate function of the port, the mode will temporarily
become the alternative input mode, so either disable the interrupt in question, or

specify the interrupt is ignored.

Batch Setting

An example of specifying batch port group settings is shown in the flowchart below.

E Alternative input mode is entered
+ when the PIPCn.PIPCn_m bit is 0
and the PMCn.PMCn_m bit is 1.

START

| Specify PIBCn.PIBCn_m bit = 0 |

| Specify PBDCn.PBDCn_m bit = 0 |

| Specify PMn.PMn_m bit = 1 |

| Specify PMCn.PMCn_m bit = 0 |

| Specify PIPCn.PIPCn_m bit =0 |

| Set port filters |

Specify PDSCn.PDSCn_m,
PBDCn.PBDCn_m,
PUn.PUn_m,
PDn.PDn_m,
PISn.PISn_m,
PISAN.PISAn_m bits™

Specify PFCn.PFCn_m,
PFCEn.PFCEn_m,
PFCAEN.PFCAEN_m bits

| Specify PIPCn.PIPCn_m bit |

| Specify Pn.Pn_m bit |

| Specify PMCn.PMCn_m bit |

»|

Ladl|

| Specify PMn.PMn_m bit | :

\

_/

\

Port initialization:

Set the initial port values.

(The port is set to input mode
and the input buffer is disabled.)

Port settings:
Set appropriate values.

................................................... r...............:
| Specify PIBCn.PIBCn_m bit | W,
Note 1. There is no PISANn.PISAn_m bit in RH850/F1L.
Figure 2.8 Example of Port Settings (When Specified in Batch)
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2.9.6.2

Individual Settings

An example of specifying individual port settings is shown in the flowchart below.

START

| Specify PIBCn.PIBCn_m bit =

o | )

| Specify PBDCn.PBDCn_m bit = 0 |

Port initialization:

| Specify PMn.PMn_m bit =1

| Set the initial port values.

| Specify PMCn.PMCn_m bit = 0 |

| Specify PIPCn.PIPCn_m bit =

°|/

Set port filters

Input or output?

Input mode

Output mode

(The port is set to input mode
and the input buffer is disabled.)

Specify PUn.PUn_m,
PDn.PDn_m bits

Specify PDSCn.PDSCn_m,
PODCNn.PODCn_m,

PBDCn.PBDCn_m bits

Specify PISn.PISn_m,
PISAN.PISANn_m bits™

| Specify Pn.Pn_m bit

Specify PIBCn.PIBCn_m bit = 1 | | Specify PMn.PMn_m bit = 0 |

Note 1.

There is no PISAn.PISAn_m bit in RH850/F1L.

Port settings:
Set appropriate values.

_/

Figure 2.9

Example of Port Settings (in Port Mode)
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(&) With IP control

START

Specify PIBCn.PIBCn_m bit = 0 | R

| Specify PBDCn.PBDCn_m bit = 0 |

Specify PMn.PMn_m bit = 1 |

Specify PMCn.PMCn_m bit = 0 |

Specify PIPCn.PIPCn_m bit =0 | W,

Set port filters |

Specify PUn.PUn_m,
PDn.PDn_m bits

Specify PISn.PISn_m,
PISAN.PISAn_m bits™

Specify PDSCn.PDSCn_m,
PODCn.PODCn_m,
PBDCn.PBDCn_m bits

Specify PFCn.PFCn_m,
PFCEN.PFCEn_m,
PFCAEN.PFCAEN_m bits

Specify PIPCn.PIPCn_m bit = 1 |

Specify PMCn.PMCn_m bit = 1 | )

Note 1.

There is no PISAn.PISAn_m bit in RH850/F1L.

Port initialization:

Set the initial port values.

(The port is set to input mode
and the input buffer is disabled.)

Input function port settings:
Set appropriate values.

Output function port settings:
Set appropriate values.

Alternative mode (with IP control)
port settings:
Set appropriate values.

Figure 2.10 Example of Port Settings (in Alternative Mode) (1/2)
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(b) Without IP control

START

| Specify PIBCn.PIBCn_m bit =

o | )

| Specify PBDCn.PBDCn_m bit = 0 |

Port initialization:

| Specify PMn.PMn_m bit = 1

| Set the initial port values.
(The port is set to input mode

and the input buffer is disabled.)

| Specify PMCn.PMCn_m bit = 0 |

| Specify PIPCn.PIPCn_m bit =

°|/

| Set port filters

Input or output?

Input mode

Output mode

Specify PUn.PUn_m,
PDn.PDn_m bits

Specify PDSCn.PDSCn_m,
PODCNn.PODCn_m,

PBDCn.PBDCn_m bits

Specify PISn.PISn_m,
PISAN.PISANn_m bits™

Specify PFCn.PFCn_m,

PFCEN.PFCEn_m,

Specify PFCn.PFCn_m,
PFCEn.PFCEn_m,
PFCAEN.PFCAEN_m bits

PFCAEN.PFCAEN_m bits

Specify PMCn.PMCn_m bit = 1

Note 1.

There is no PISAn.PISAn_m bit in RH850/F1L.

Port settings:
Set appropriate values.

Figure 2.11 Example of Port Settings (in Alternative Mode) (2/2)
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2.10 Port (General 1/0) Function Overview

This section explains the port (general 1/0) functions and all the functions assigned to the ports. See the
following pages for details.

In addition, whether the port mode is alternative mode or not can be selected by PMCn register setting.
When PMCn.PMCn_m = 1, alternative functions are selected by the PFCn, PFCEn, and PFCAEnN
registers.

Table 2.39 Port Function

Device
Power Special Alternative 48 | 64 | 80 | 100 | 144 | 176
Port Pin Name Size Direction Domain Function pins|pins|pins |pins|pins|pins
JTAG Port 0 JPO_ 0-5 6 bits In/Out AWO JTAG, LPD NN NN ==
JPO_0-6 7 bits — = = =~ |
Port 0 PO_0-3 4 bits In/Out AWO RESETOUT N == =] ==
P0_0-6 7 bits N = ===
P0_0-12 13 bits =N ===
P0_0-14 15 bits ==~~~
Port 1 P1 0-11 12 bits In/Out AWO — == =1 | =
P1 0-15 16 bits = =] = =N
Port 2 P2 0-6 7 bits In/Out AWO — === —
Port 8 P8 0-1 2 bits In/Out AWO ADCAQ (10-bit resolution) N I e e e
P8_0-6 7 bits NN ===
P8_0-12 13 bits ==~~~V
Port 9 P9 _0-1 2 bits In/Out ISO ADCAQ (10-bit resolution) N I e e e
P9 0-3 4 bits N R I
P9_0-6 7 bits = N NN
Port 10 P10 0- 10 11 bits In/Out ISO N == = =] =
P10_0- 14 15 bits N VN N I A
P10 _0-15 16 bits N N N N N
Port 11 P11 0-4 5 bits In/Out ISO — | = N | =] =] =
P11 0-7 8 bits N D R IRV R
P11_0-15 16 bits — | = | = | = N ~
Port 12 P12 0-2 3 bits In/Out ISO — = =] = | =
P12 0-5 6 bits — | — | = | = | = ~
Port 18 P18 0-3 4 bits In/Out ISO ADCAL1 (10-bit resolution) — === V| =
P18 0-7 8 bits = =] = =1N
Port 20 P20_4-5 2 bits In/Out ISO — | = = = N | —
P20_0-5 6 bits == = =N
Analog Port 0 APO_0-7 8 hits In/Out AWO ADCAO (12/10-bit resolution) Y — == — | =
APO_0-9 10 bits N VN O I B
APO_0-10 11 bits =N ===
APO_0 - 15 16 bits == NN
Analog Port 1 AP1_0-7 8 bits In/Out ISO ADCAL1 (12/10-bit resolution) | — | — | — | — v —
AP1_0-15 16 bits — = = = =
Input Port O IPO_0 1 bit In AWO SOSC (XT2 pin) — | = | = | = N
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